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In 'writing this hook about Crayfishes it ’has not 
been my intention to compose a zoological mono- 
grapfi on that grou^ of animals. Such a work, to 
be worthy of th^^ziame, would require the’^bv^on 
of years* of patient study to a mass of materiais 
coUeci^ from many parts of the world. Kor has 
it been my ambition to. 'write a treatise upon 
our English crayfish, which should in any -way pro- 
-^^ke comparison -wi^ the memorable labours of 
Lyonet, Bojanus, or Strauss Durckheim, upon the 
'willow caterpillar, the tortoi^, and the cockchafer. 
What I have had in yiesg is a much humbler, thoijgh 
perhaps, in the present state of *Bcience,ftiot less use- 
ful object. I have desired, in fact, tq show how 
the careful study of one of the>commonest and most 
insignificant of animals, leads us, stejg by st^, from 
every-day knowledge to the 'Widest generalhsatiQgqjf 
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and the most d^^ci^t problems of zoology; and, 
indeed, of biological science in general. 

«< < f ‘ 

It is for this reason that I have termed the Ijook 
an “ Introduction to Zoology.” For, whoever will 
follow ?ts pages, crayfish in hand, and will try to 
verify for himself the statements which it contains, 
wiU ^d himself brought face to face with all the 
great zoological questions which excite so lively an 
.intelresfht the present day; he wiU tmderstand the 
method by which alone we c^ hope to *attain to 
satisfactory answers of these questions; and, finally, 
he will appreciate the justice of Diderot’s remark, 
** D faut Itre profond dans Part ou dans la science 

1 ' u ■ 

pourHm bien poss^der les ^l^ments.” 

c 

'And these benefits^ will accrue to*the student 
wli^atever diortcomings andcerrors in the work itself 
may be mad^ apparent by the process of verification. 

Common a^d lowly as most may think the cray- 
fish,” well says Boesel von Bosenhof, “ it is yet so 
fall of wonder^ that the greatest naturalist may be 
p^nizled*' to give a clear account of it.” But only 
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tile broad facts of tbf) case are of i^damental im- 
portance; and, so far as these are concerned, I ven- 
ture to hope .that no efresr has Blipped,*”into my 
sti^ment of them. As for the details, it’ must be 
remembered, not only that some omission or mis- 
take is almost unavoidable, but that ne^p; lights 
come with new methods of investigation ; and that 
better modes of statement follow upon the improve- 
ment of our general 'views introduced by the gradual 
widening of our.lmowledge. ’ ” " * 

•> 

I sincerely hope that such amplifications and 
rectifications may speedily abound; and that this . 
sketch may be the means of directing the attention of 
observers in all parts of ^e world to the crayfishes. 
Combined efforts -will soon furnish the answers to 
many questions which a sii^le worker can merely 
state; and, by completjug the history of one g^pup 
of animals, secure the foundation ;df the whole 
of biological science. 

1 

In the Appendix, I have added a few notes re- 
specting pointo of detail with which I tboughts it 
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unnecessary to burden the tfist; and, under the 
head of ‘BibKography, I have given some references 
to the lit^ture of the subject ivhich,may be useful 
to those "Who wish to follow it out more fully. 

I am in<lebted to Mr. T. J. Parker, demonstrator 
of my biologic^ class, for several anatomical draw- 
ings ; * and for valuable aid in supervising the 

execution of the woodcuts, and in seeing the work 

« 

tbiouglf the press. 

t 

r 

Mr. Cooper has had charge of the illustrqjiions, 
and I am indebted to him and to Mr. Coombs, 
the accurate and skilful draughtsman to whom 
the moire difficult subjects were entrusted, fo* 
such excellent specimens of xylographic art as 
the figures of ‘the ‘Crab, Lobster, Bopk Lobster, 
and Norway Lobster. ' 


LoHsoir, , 

1879. 


T. H. H. 
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hardens. This sort of moulting is what is teehnicalLy 
termed ecdyaiSy or exuviation^ It is commonly spoken of 
as the ** shedding of the skin,” and there is no^arm in 
nsing this phrase, if we recollect that the shed coai is not 
the skin, in the proper sense of the word, but only what 
is tenned a cuticvlar layer, which is secreted upon the 
outer surface of the true integument. The cutftular 
skeleton of the crayfish, in fact, is not even so much a 
part of the skin as the cast of a snake, or as our own nails. 
For these are compose^l of coherent, formed parts of the 
epidermis ; while the hard investment of the crayfish con- 
tains no such' formed parts, and is developed on tfie <9at- 
side of tho^e structures which answer to the constituents 
of the epidermis in the*higher animals. Thus the cra}^* 
fish groT^, as it were, by starts ; its dimensions remaining 
stationary in the intervals of its moults, and then rapidly 
increasing for a few days, T^ule the new exoskeleton is 
in»the course df formatiod. • 

The ecdysis of the crayfish was first thoroughly 
studied a centuiy and a half ago, by one of the most 
accurate observers who ever live^f the famous Beaumur, 
and the following account o4th% very curious process is ^ 
given nearly in his words.* * 

A few hours before the process of exuviation com- 

* See B^mnnx’s two Memoixs, Sur lea divexses x^xoduotiozie qtii^ 
ee font dons les ^arevisaei, lee omaia, lea c&abee, eto.,** ^ HLstoixa de 
TAead^mie royele dee So!eao6%”wiide 171S ; and ** Additkme aox ob- 
lembtioiiB eixr la mae dee ^BzeyisaMBB donU^ee daiie lee Hdmoiiee de 1712*’* 
Ibid. ihs. . • ' • • • 
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mences, the crayfish rubs its^ limbs one against the 
other, '’and, without changing its place, moves each 
sepai’ately, throws itself oif its back, bends its tail, 
and then stretches it out again, at the same time vibrat- 
ing its antennae. By these movements, it gives the 
various parts a little play in their loosened sheaths. 
Aftei" these preparatory steps, the crayfish appears to 
become distended ; in all probability, in consequence of 
the commencing retraction of the limbs into the interior 
of the exoskeleton of the body. In fact, it has been 
remarked, thatjif, at this period, the extremity of one of 
the great claws is broken off, it will be found empty, 
the contained Soft parts being retracted as^far as the 
second joint. The soft membrunous part of the exo- 
skeleton, which connects the hinder end of the ^carapace 
with the first ring of the abdomen, gives way, and the 
body, covered with the new soft integument, protrudes ; 
its cdark brown colour rendering it easily 'distinguishable 
from the greenish-brown old integument. 

> Having got thus far, the crayfish rests for a while, and 
then the agitation of the limbs and body recomR>Lences. 
The carapace is forced upwaj^ds and forwards by the pro- 
trusion of the body,*and remains attached only in the 
region of the mouth. The head is next drawn backwards, 
while the eyes and its other appendages are extracted from 
their old investment.* Next the legs are pulled out, either 
one at a time^ or those of one, or both, sides together. 
Some'times a limb give^ way and is left behind in its sheath. 
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The operation is facilitsrted by the splitting of the old 
integument of the limb along one side longitudinally. 

When the legs are disefigaged, the animal ^aws its 
head and limbs completely out of their former cohering ; 
and, with a sudden spring forward, while it extends its 
abdomen, it extracts the latter^ and leaves its old skele- 
ton behind. The carapace falls back into its ordinary 
position, and the longitudinal fissures of^the sheaths of 
the limbs close up so accurately, that the shed integu- 
ment has just the appearance the animal had when the 
exuviation commenced. The cast exoskeleton is so like 
the crayfish itself, wjien the latter is at rest, that,*ex«ept 
for the brighter colour of the latter, thd two cannot be . 
distinguished. • 

After ^exuviation, the owner of the cast skin, ex- 
hausted by its violent strug^es, which are not unfre- 
quently fatal, lies in a prostrate condition. Instead of 
being covered by a hard^sTiell, its integument is soft*and 
flabby, like wet paper; though Reaumur remarks, that 
if a crayfish i% handled immediately after exuviation, its 
body ftels hard ; and he ascribes*this to the violent con- 
traction which its muscles liave undergone, leaving th^“ 
in a state of cramp. In the absence of the bird skeleton, 
however, there is nothing to bring the contracted muscles 
at once back into position, and it must be some time 
before the pressure of the internal fluids is so distributed 
as to stretch them out. • 

When the proceSs of exuviation has proceeded*so far 

D 2 
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that the carapEuse is raised, n<9t];^g stops the crayfish 
from continuing its struggles. If taken out of the water 
in this condition, they go on nnoulting in the hand, and 
even pressure on their bodies will not arrest thieir efforts. 

The length of time occupied from the first giving way 
of the ii^teguments to the final emergence of the animal, 
varies with its vigour, and the conditions under which it 
is placed, from ten minutes to several hours. The 
chitipous lining of the stomach, with its teeth, and the 
‘‘ crabs’-eyes,” are shed along with the rest of the cuti- 
cular exoskelei/)n ; but they are broken up and dissolved 
in the stomach. 

r 

The new integuments of the crayfish rem|iin soft for 
a period which varies from one to three days / and it is 
a curious fact, that the animal appears to be quite aware 
of its helplessness, and governs itself accordingly. 

An observant naturalist says ; I once had a do- 
me^cated crayfish {Aatacus jiUfviatilis), wliich I kept •in 
a glass pan, in water, not more than an inch and a half 
deep, previous experiment having shown^that in deeper 
water, probably from <vant of sufficient aeration, this 
animal would not live Ibng^ By degrees my prisoner 
became veiy&bold, afid when I held my fingers at the 
edge of the vessel, he assailed them with promptness and 
energy. About a year after I had him, I perceived, as I 
thought, a second ciiayfish with him. On examination, 

I found it to be his old coat, which he had left in a most 
perfecft state. My friend had now lost his heroism, and 
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fluttered about in the^ greatest agitation. He was quite 
soft ; and every time I entered the room during ttie next 
two dajs, he exhibited the wildest terror. On the third, 
he appeared to gain confidence, and ventured %o«use his 
nippers, though with some timidity, and he was not yet 
quite so hard as he had been. In about a we^ek, how- 
ever, he became bolder than ever; his weapons ^ere 
sharper, and he appeared stronger, and a nip from him 
was no joke. He lived in all about two years, d^iring 
which time his food w^ a very few worms at very uncer- 
tain tirfies ; perhaps he did not get fifty ay.ogether.'' * 

It would appear, from the best observations thftt Imiie 
yet been made, thaf the young crayfish «exuviate two or . 
three times in the course of the first year ; and that, 
afterwards, the process is annual, and takes place usually 
about midsummer. There is ueason to suppose that very 
old crayfish do not exuviate every year. 

« • 

It has been stated that, in the course of its violent 
efforts to extract its limbs from the cast-off exoskeleton, 
the cr^fish sometimes loses one»or other of them ; the 
limt giving way, and tlie gr^tef part, or the whole, of it ’ 
remaining in the exuvise. But it i^ not onl^^ in this way 
that crayfishes part with their limbs. At all times, if the 
animal is held by one of its pincers, so that it cannot 
get away, it is apt to solve the difficulty by casting off* 

* The late Mr. Bobert Ball, of Dublin, in Bell’s “ British Grostaoea,** 
p. 239. • • 
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the limb, which ji'emains in thejiand of the captor, while 
the crayfish escapes. This voluntary amputation is always 
efiected at the same place ;• namely, where the limb is 
slenderest, just beyond the articulation* which unites the 
basal joint with the next. The other limbs also readily 
part at the joints ; and it is very common to meet with 
crayfish which have undergone such mutilation. But 
the yijury thus inflicted is not permanent, as these 
animals possess the imwer of reproducing lost parts to 
a marvellous extent, whether the loss has been inflicted 
by artificial ai^putation, or voluntarily. ' * 

^ Crayfishes, like all the Crustacea, bleed very freely when 
wounded ; and if one of the large joints of a leg is cut 
through, or if the animars body ig injured, it is very likely 
to die rapidly from the ensuing haemorrhage. «*A cray- 
fish thus wounded, howover, commonly throws off the 
limb at the next articulation, where the cavity of the 
limj) is less x>atent, and its «• sides mole readily ^pill 
together ; and, as we have seen, the pincers are usually 
cast off at their narrowest point. When such amputation 
has taken place, a cru^^f, probably formed of coagulated 
blood, rapidly forms over the surface of the stump ; and, 
eventually, jt becomes covered with a cuticle. Beneath 
this, after a time, a sort of bud grows out from the 
centre of the surface of the stump, and gradually takes 
on the form of as much of the limb as has been removed. 
At the next ecdysis, the covering cuticle is thrown off 
alon^ with the rest of the exoskeleton ; while the rudi* 
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mentary limb straightens out, and, though yery small, 
acquires all the organization appropriate to th|it limb. 
At every moult it grows ; ljut, it is only after a long time 
that it acquires nearly the sizecf its uninjured and older 
fellow. Hence, it not unfrequently happens, that*crayiish 
are found with pincers and other limbs, which, though 
alike useful and anatomically complete, are very ui^qual 
in size. 

Injuries inflicted while the crayfisha are soft after 
moulting, are apt to produce abnormal growths of the 
part affected; and these may be perpetuated, and give 
rise to various monstrosities, in the pincers and ^ other 
parts of the bod}’’. 

In th^ reproduction of their kind by means of eggs the 
co-operation of the males with the females is necessary. 
On the basal joint of the hindermost pair of legs of the male 
a^ small aperture is to be §een (fig. 3, A; vd). In these, the 
ducts of the apparatus in which the fecundating substance 
is formed terminate. The fecundating material itself is a 
thickish fluid,* which sets into « white solid after exti’u- 
sion. The male deposits this^ substance on the thorax^ 
of the female, between the t)ases of the hindermost pairs 
of thoracic limbs. * 

The eggs formed in the ovary are conducted to apertures, 
which are situated on the bases of (he last pair of ambula* 
tory legs but two, that is, in the hinder of the two pair 
which are providejJ with chelate extremities (fig. 3,P; od). 
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After the female has receded the deposit of the 
spermatic matter of the male, she retires to a burrow, 
in the*'manner already stated^ and then the process of 
laying tha eggs cdmmenees. These, afi they leave the 
apertures of the oviducts, are coated with a viscid matter, 
which is readily drawn out into a short thread. The 
end tlie thread attaches itself to one of the long hairs, 
with which the swimmerets are fringed, and as the viscid 
matter rapidly 4iardens, the egg thus becomes attached 
to the limb by a stalk. The operation is repeated, until 
sometimes a couple of hundred eggs are thus ghied on 
to the ^wimmerets. Partaking in the movements of the 
swimmerets, they are washed backwafrds and forwards in 
‘ the water, and thus aerated and kept free of impurities ; 
while the young crayfish is formed much in Uie same 
way as the chick is formed^, in a hen’s egg. 

The process of development, however, is very slow, 
as it occupies the whole winter.. In late spring-time, gr 
early summer, the young burst the thin shell of the 
egg, and, when they are hatched, present a general re- 
semblance to their parents. This is \efy unlike what 
stakes place in crabs and* lobsters, in which the young 
leave the e^g in a Qondition very different from the 
parent, and undergo a remarkable metamorphosis before 
they attain their proper form. 

For some time aftej* they are hatched, the young hold 
on to the swimmerets of the mother, and are carried 
about„,protected by hei; abdomen, as ii^a kind of nursery. 



Fia. 8. — Astacus Jlnviatilis. — A, two reoenily hatched tatyfish attached 
to one of the swimmerets of the mother ( x 4). piotopodite ; 
eti, endopodite ; and ex, exopodite of the swimmeret ; ec^ mptnied 
egg-coses. B, chela of a recently hatched crayfish ( x 10). 

such a crayfish [a female with young] is brought to 
table, it looks quite disgusting to^those who do ndt know 
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what the young are ; but if we ^examine it more closely, 
especially with a magnifying-glass* we see with pleasure 
that th^ little crayfish are already perfect, and resemble 
the large one in aH respeets. When thd mother of these 
little crayfish, after they have begun to be active, is quiet 
for a while, they leave her and creep about, a short way 
off. JBuli, if tliey spy the least sign of danger, or there is 
any unusual movement in the water, it seems as if the 
mother recalled them by a signal ; for they all at once 
swiftfy return under her tail, and gather into a cluster, 
and the mother hies to a place of safety with them, as 
quicklj^ as she can. A few days later, however, they 
gradually forsatp her.” * • 

Fishermen declare that Hen Jliobsters ” protect their 
young in a similar manner. + Jonston,! who wrote in 
the middle of the seventeenth century, sa^^s that the little 
crayfish are often to be seen adhering to the tail of the 
mother. Boesel’s observations* imply the same thing ; 
but*he does not describe the exact mode of adherence, 
and I can find no 'observations on the subject in the 
works of later writers. ^ 

^ It has been seen that* tlie eggs are attached to the 
swimmerets by a viscid substance, which is, as it were, 
smeared over them and the hairs with which they are 

• «l>er Monatlich-heraufigegeben Insecten Belustigong.” Diitter 
Th©il,p. 336. 1756. 

f BeU*s ** Briti^ Gnistacea,” p. 249. 

t << Joannis Jonstoni Historiae naturalis de PiscibnB et CSetis Libxl 
quinqn^. Tomas IT. * De Qunmaro seu Astao^ flaviatili.’ *’ 
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fringed, and is continued by longer or shorter thread-like 
pedicles into the coat'of the same material whic]^ invests 
each egg. It very soon hardens, and then becomes very 
hrm and elastic: 

When the young crayfish is ready to be hatched, the egg 
case splits into two moieties, which remain attached, like a 
pair of watch glasses, to the free end of the pedicle pf the 
egg (fig. 8, A; ec). The young animal, though very similar 
to the parent, does not quite “resemble i# in all respects,** 
as Eoesel says. For not only are the first and t&e last 
pairs of abdominal limbs wanting, wliile the telson is very 
different from that of the adult ; but the ends of tjie ^’eat 
chelae are sharply pointed and bent down into abruptly in- 
curved hooks, which overlap when the chelae are shut (fig. 8^ * 
B). Hince, when tlie chelae have closed upon anything soft 
enough to allow of the imbedding of tliese hooks, it is 
very difficult, if not impossible, to open them again. 

^ Immediately the yomjg are set free, they must instinc- 
tively bm'y the ends of their forceps in the harSened 
egg-glue wliich is smeared over the*swimmerets, for they 
are ^11 founcf to be holding an in this manner. They . 
exhibit very little movement, and they bear roughs 
shaking or handling without becoming detached ;• in 
consequence, I suppose, of the interlocking of the hooked 
ends of the chela 0 imbedded in the egg-glue. 

Even after the female has been plunged into alcohol, 
the young remain attached. I have had a female, with 
young affixed in ^is manner, under observation Jbr five ^ 
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days, but none of them showed^ any signs of detaching 
themselYCS ; and I am inclined to think that they are 
set free* only at the first moult. After this, it would 
appear that the adhesion to the parent is only temporary. 

The walking legs are also hooked at their extremities, 
but they play a less important part in fixing the young 
to th^parent, and seem to be always capable of loosing 
their hold. 

I find the youftg of a Mexican cra3dish (Cambams) to be 
attached in the same manner as those of the English 
crayfish; but, according to Mr. Wood-Mason’s I’ecent 
observations, the young of the New Zealand crayfishes 
fix themselves tq the swimmerets ofithe parent by the 
^iiooked ends of their hinder ambuHp.tory limbs. 

Crayfishes, in every respect similar to those found 
in our English rivers, that is to say, of the species 
Astacus Jliiviatilis, are met with»in Ireland^, and on thp 
Continent, as far south as Italy and northern Greece ; 
as far east as westerii Bussia ; and as far north as the 
shores of the Baltic. TJfey are not known to ocqpr in 
Scotland ; in Spain, except about Barcelona, they are 
either rare, or have remained unnoticed. 

There is, at present, no proof of the occurrence of 
Astacus fluviatilis in the fossil state. 

Curious myths have gathered about cra}^shes, as 
about 4)ther animals. At one time *'«rabs*-eyes*’ were 
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collected in vast n^in^ers, and sold for medicinal 
purposes as a remedy against the stone, among other 
diseases. Their real utility, inasmuch as they consist 
almost entirely of carbonate oi lime, with a littl^ phos- 
phate of lime and animal matter, is much the same as 
that of chalk, or carbonate of magnesia. It .was, for- 
merly, a current belief that crayfishes grow poor at the 
time of new moon, and fat at that of full moonf and, 
perhaps, there may be some foundation for the nption, 
considering the nocturnal habits of the animals. Van 
Helmont, a great dealer in wonders, is» responsible for 
the story that, in Brandenburg, where there is ia groat 
abundance, of crayfishes, the dealers were obliged to. 
transport them to market by night, lest a pig should 
run un3er the cart. For if such a misfortune should 
happen, every crayfish would be found dead in the 
morning : Tam exitialis est porcus cancro.’* Another 

ahthor improves the story, by declaring that the steam 
of a pig-stye, or of a herd of swine, is instantaneously 
fatal to crayfish. On the other hand, the smell of 
putril^g crayfish, which is undoubtedly of the strongest, 
was said to drive even moles out of their burrows. 



CHAPTER n. 

THE PHYSIOLOGY OF THE CHAYFISH. THE MECHANISM BY 
WHICH THE PARTS OP THE LIVING ENGINE ARE SUPPLIED 

e 

WITH THE MATERIALS NECESSARY FOR THEIR MAIN- 
TENANCE AND GROWTH. 

1- 

An analysis ofisuch a sketch of the ‘‘Natural ftistory 
o£ tiieHUrayfish” as is given in the^ preceding chapter, 
^shows that it provides brief and general answ^s to three 
• questions. First, what is the form and structure of the 
animal, not only when adult, but at different Stages of 
its growth ? Secondly, what are the various actions of 
which it is capable ? Thirdly, where is it found ? If we 
carry our investigations further. In such a ‘manner as to 
give the fullest attainable answers to these questions, 
the knowledge thus acquired, in the cas^ of the first 
question, is termed the Morphology of the crayfish; 
~*in the case of the second question, it constitutes the 
pfiysiology otthe animal; while the answer to the third 
question would represent what we know of its Dwtribu- 
thn or Ckorohgy. There remains a fourth problem, 
which can hardly be* regarded as seriously under dis- 
cussion, so long as knowledge has advanced no further 
than the Natural Hisl5)iy stage; the* question, namely. 
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how all these facts compfised under Morphology, Physi- 
ology, and Chorology ha^e come to be what thfey are ; 
and the attempt to solve this probleqi leads us to the 
crown of . Biological effort, jEtiohgy. When it supplies 
answers to all the questions which fall under these four 
heads, the Zoology of Crayfish will have said, its last 
word. 

1 9 

V 

As it matters little in what order we take the first othree 
questions, in expanding Natural Historj’^ into Zoology, 
we may as well follow that which accords with the history 
of science. After jnen acquired a rough and gent^ral 
knowledge of the animals about them, the ilext thing which 
engaged their interest was the discovery in these animals 
of arrangements by which results, of a kind similar to 
those which their own ingenuity effects tlmough mechanical 
contrivances, are brought about. They observed that 
ailimals perform various Actions ; and, when they looked 
into the disposition and the powers of the parts by which 
these actions v® performed, they found that these parts 
pi^esenAed the characters of an ^apparatus, or piece of 
^lechanism, the action of which could be deduced from 
the properties and connections of^its constituents, just 
as the striking of a clock can be deduced from the 
properties and connections of its weights and wheels. 

• Under one aspect, the result of ^ the search after the 
rationale of animal structure thus set afoaj; is TeUohgy: 
or the doctrine of dBaptation tojgurpose. Under another 
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aspect, it is Phydology ; so far ka Physiology consists in 
the elucidation of complex vital phenomena by deduction 
from the established truths of Physics and Chemistry, or 
from tte elementary properties of living matter. 

We have seen that the crayfish is a voracious and 
indSfcriminate feeder ; and we shall be safe in assuming 
that,*- if duly supplied with nourishment, a full-grown 
crayfish will consume Several times its own weight of 
food in the course of the year. Nevertheless, the increase 
of the animars<k weight at the end of that time is, at most, 
smalt fraction of its total weight whence it is quite 
, clear, that a very large proportion of the food taken into 
^vthe body must, in some shape dr other, leave it again. 
In the course of the same period, the crayfish absorbs a 
very considerable quantity of oxygen, supplied by the 
atmosphere to the water which it inhabits ; while it gives 
out^ into that water, a large amount of carbonic acid, afid 
a larger or smaller quantity of nitrogenous and other ex- 
crementitious matters. ^From this point of view, the 
crayfish may be regarded as a kind of chemical %ianu- 
factory, supplied with certain alimentary raw materials, 
which it WGirks up, transforms, and gives out in other 
shapes. And the first physiological problem which offers 
itself to us is the mode of operation of the apparatus 
contained in this factory, and the extent to which the 
products of its activity are to be accounted for by 
reasoning from known^physical and cBemical principles. 
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We have learned that the food of the erayiish is made 
up of very diverse substances, both animal and vegetable ; 
but, so far as they are comxjetent to nourish the animal 
permanently, these matters alf agree in con^suaing a 
peculiar nitrogenous body, termed protein, under one of its 
many forms, such as albumen, fibrin, and the lika. With 
this may be associated fatty matters, starchy and sac- 
charine bodies, and various earthy salts^ And these, 
which are the essential constituents of the food, may be, 
and usually are, largel^fc mixed up with other substances, 
such as wood, in the case of vegetable fo«d, or skeletal 
and fibrous i)arts, in^the case of animal prey, whfth are 
of little or np utility to the crayfish. • 

The first step in the process of feeding, therefore, is 
to reduc^ the food to such a state, that the separation 
of its nutritive parts, or thos5 which can be turned to 
account, from its innutritious, or useless, constituents, 
may be facilitated. And* this prehminary operatioa is 
the subdivision of the food into morsels of a convenient 
size for introduction into that part of the machinery in 
which the extraction of the usefulfproducts is performed. 

The food may be seized Jby the pincers, or by the 
anterior chelate ambulatory limbs ;* and, ina the former 
case, it is usually, if not always, transferred to the first, 
or second, or both of the anterior pairs of ambulatory 
limbs. These grasp the food, and, tearing it into 
pieces of the proper dimensions, thrust j;heni between 
the external maxillf^edes, which are, at the same lime, 
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worked rapidly "to and fro sidefwaj^s, so as to bring their 
toothdd edges to bear upon the morsel. The other five 
pairs of jaws are ^o less active, and they thus crush and 
divide the food brought to them, as it is passed between 
their toothed edges to the opening of the mouth. 

As tlie alimentary canal stretches from the mouth, 
at one end, to the vent at the other, and, at each of 
these limits, j^s continuous with the wall of the body, 
we cmay conceive the whole crayfish to be a hollow 
cylinder, the cavity of which is everywhere closed, though 
it is traversed by a tube, open at each end (fig. 6). 
The shut cavity between the tube ^and the walls of the 
cylinder may be termed the perivisceral cavity ; and it is 
'SO much filled up by the variouis organs, which are inter- 
posed between the alimentary canal and the T)ody wall, 
that all that is left of it is represented by a system of 
irregular channels, which are filled with blood, and aro 
telmed hhod sinuses. The wall of the cylinder is the 
outer wall of the body itself, to w’hich the general nanie 
of integument may be given ; and the outermost layer of 
this, again, is the cuticle, which gives rise to tKe whole 
^f the exoskeleton. This cuticle, as we have seen, is 
extensively^ impregnated witli lime salts ; and, moreover, 
in consequence of its containing chitin, it is often spoken 
of as the chitinous cuticula, 

c 

Having arrived at this general conception of the dis- 
position of the parts of the factory, we may next proceed 
to consider the machinery of alimentation which is con- 



THE MACHINERY OP ALIMENTATION. 51 

tained within it, and which is represented by the various 
divisions of the alimentary canal, with its appendages ; 
by the apparatus for the distribution of nutriment ; and 
by two apparatuses for getting rid of those prt)ducts 
which are the ultimate result of the working of the whole 
organism. • 

And here we must trench somewhat upon the province 
of Morphology y as some of these pieces oj apparatus are 
complicated ; and their action cannot be comprehended 
without ja certain knowledge of their anatomy. 

The mouth of the crayfish is a longitudiiftillj' elongated, 
parallel-sided openii^, in the integument of the venfrdl 
or sternal aiipect of the head. Just outside its lateral 
boundaries, the strong fnandibles project, one on each 
side (fig B ; 4); their broad crushing surfaces, which 
are turned towards one anothef, are therefore completely 
external to the oral cavity. In front, the mouth is over- 
lajlped by a wide shield-^aped plate termed the upper 
lip, or lahruiii (figs. 3 and 6, Ih ) ; wliije, immediately be- 
hind the mandibles, there is, oi\ each side, an elongated 
lleshy •lobe, joined with its fallow by the posterior 
boundary of the mouth. These together constitute tljp 
metastoma (fig. 3, B; wt), which *is sometimes called 
the lower lip. A short wide gullet, termed the oeso- 
phagus (fig. 6, oc), leads directly upwards into a spacious 
bag, the stomach, which occupies almost the whole cavit}^ 
of the head. It is divided by a constriction into a large 
anterior chamber (c9), into the under face of whicfi the 
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gullet opens, ttni a small pdfetorior chamber (ps), from 
which" the intestine (hg) proceeds. 

In a man’s stomach, ^ the opening by which the gullet 
communicates with the stomach is called the cardia, 
while that which places the stomach in communication 
with the intestine is named the pylorus ; and these terms 

t ^ 

ha^dng been transferred from human anatomy to that of 
the* lower animals, the larger moiety of the crayfish’s 
stomach is called tlie cardiac division, while the smaller 
is termed the pyloric division of •the organ. It must be 
recollected, however, tliat, in tlie crayfish, the so-called 
^itrdiac division is that which is actually furthest from 
the heart, not*that which is nearest to it, a^in man. 

The gullet is lined by a firm coat which resembles thin 
parchment. At the margins of the mouth, this strong 
lining is easily seen to be continuous with the cuticular 
exoskeleton; wliile, at the cardiac orifice, it spreads out 
and forms the inner or cuticulkr wall of fhe whole gaitric 
cavity, as far as the pylorus, where it ends in certain 
valvular projections. The chitinous cu|icle which forms 
the outermost layer of the integument is thus, aa it were, 
turned in, to constitute th^ innermost layer of the walls 
of the stomach; and it confers upon them so great an 
amount of stiffness that they do not collapse when the 
organ is removed from the body. Furthermore, just as 
the cuticle of the integument is calcified to form the hard 
parts of the ^xoskeleton, so is the cuticle of the stomach 
calcified, or otherwise hardened, to*give rise, in the first 









Fio. O.^Astnais fitivicUilis . — A, the fitomaoh with its outer roat removed, seen rrnm the 
loft side ; B, the same viewcsd from the front, after removal of llic anterior wall ; 
C, the ossicles of tlm j^astric mill 8e}taratcd from one another ; D, the prejiy- 
loric ossicle and inocuan tooth, seen from tlic fi^dit side ; E, transverse section of 
the pyloffc region along the line xy in A (all x 2)P c, cardiac ossicle ; cpv, cardie- 
pyloric valve ; ip, lateral pouch ; /f, latcnil Imoth, seen through the wall of the 
stomach in A ; 7a<7, mid-gut ; mt, median tooth, seen through the wall of the 
stomach in A ; tes, oisophagus ; p, pyloric ossioie ; pc, ptcroeardiac- ossicle f 
pp, jirepyloric ossicle ; i/c, uro-cardiac process ; t, convexities o# the free surfEice 
ot its hinder end ; median pyloric valve ; zc, zygocardiac ossicle. 

or food-crusher ; and, secondly, to a filter or strainer^ 
whereby the nutritive juices are separated from the in- 
nutritious hard parts of the food aj^d passed on into the 
intestine. . 
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The gastric mill begins in the Ijinder half of the cardiac 
divisicm. Here, on the upper wall of the stomach, we see 
a broad transverse calcified bar (figs. 9-11, c) from 
the HHclSle of the hinder part of which another bar (uc), 
united to the first by a flexible portion, is continued 
backwajrds in the middle line. The whole has, therefore, 
soihewhat the shape of a cross-bow. Behind the first- 
mentioned piece, the dorsal wall of the stomach is folded 
in, in such a manner as to give rise to a kind of pouch ; 
and the second piece, or what we may call the handle of 
the crossbow, tlies in the front wall of this j)Ouc*h. The 
ci>d cff this piece is dense and hard, and its free surface, 
/which looks into the top of the cardiac ^chamber, is 
raised into two oval, flattened aonvex smiaces {t). Con- 
nected by a transverse joint with the end of flie handle 
of the crossbow, there is unother solid bar, which ascends 
obliquely forwards in the back wall of the pouch (pp), 
Th6 end which is articulated \rtth the handle of the cross- 
bow is produced into a strong reddish conical tooth 
curved forwards and bifurcated at the summit; conse- 
quently, when the cavity of the stomach is inspected from 
the fore part of the cardiq^c pouch (fig. 9, B), the two- 
pointed cuis^ed tooth yint) is seen projecting behind the 
convex surfaces (i), in the middle line, into the interior 
of that cavity. The joint which connects the handle of the 
crossbow with the hinder middle piece is elastic ; hence, 
if the two are straightened out, they return to their bent dis- 
position as soon as they are releasedt The upper end of 
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the hinder middle piece {'Qp) is connected, with a second flat 
transverse plate which lies in the dorsal wall of thg pyloric 
chamber (p)- The whole arrangement, thus far, may be 
therefore compared to a large cross-bo^v and a ^mall one, 
with the ends of their handles fastened together by a 
spring joint, in such a manner that the handle of the 
one makes an acute angle with the handle of the otfeer ; 
while the middle of each bow is united with the mictdle of 
the other by the bent arm formed by the two handles. 
But, in addition to this, the outer ends of the two bows 
are al^o connected together. A small, curved, calcified 
bar (pc) passes from tlie outer end of the front crgss^iece 
downwards and outwards in the wall of |he stomach, and 
its hinder and lower extremity is articulated with another 
larger bar (^fc) which runs upwards and backwards to 
the hinder or jiyloric crossjiieqa, with which it articulates. 
Internally, this piece projects into the cardiac cavity of 
t]je stomach as a stout elongated reddish elevation (ii), 
the surface of 'which is i)roduced into a row of strong 
sharp, transverse ridges, which dilhinish in size from 
befor^ backwtirds, and constitute a crushing surface 
almost like that of the grinder of an elephant. Thus, 
when the front part of the cardiac cavity is cUt awtiy, 
not only are the median teeth already mentioned seen, 
but, on each side of them, there is one of these long 
lateral teeth. • 

There are two small pointed teeth, one under each 
of the lateral teetfi* and each of •these fs supported by 



5C THE PHYSIOLOGY OF THE COMMON CRIyFISH.* 


a broad plate, hgiry on its ini^r surface, which enters 
into thejateral wall of the cardiac chamber. There are 
various other smaller skeletal parts, but the most im- 



Fig. 10.— Astefcus Jli/viatflis.— Longitudinal section of the stomach ( x 4), 
Cf cardiac ossicle; caecum ; c.jf.v, cardio-pyloric valve; c/t, cushion- 

shaped surface ; hind-gut ; hjp, aperture of ri^ht bile duct ; 
lateral pouch ; lateral tedth ; mg, mid-gut ; median todSh ; m, 
CBsophagus ; p, pyloric ossicle ; pc, pterocardiac ossicles ; _///;, prepy- 
floric ossicle ; nc, urocardiac process ; median pyloric valve; t--, 
lateral pylorlb valve; proposition of gastrolith; zc, zygocardiac ossicle. 

portant are those which have been described ; and these, 
from what has been said, will be seen to form a sort of 
hexagonal frame, with more or less flexible joints at the 
angles,, and having thetanterior -and tjie posterior sides 
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connected by a bent jointed middle bar. As all these 
parts are merely modifications of the hard skeleton, the 
apparatus is devoid of any power of moving itself. It 
is set in motion, however, by tlffe same substandef |ls that 
which gives rise to all the other bodily movements of 
the crayfish, namely, muscle. The chief muscles which 
move it are four very strong bundles of fibres. T^v^ of 
these are attached to the front crosspiece, and proceed 
thence, upwards and forwards, to be fixed to the inner face 
of the carapace in tlie^ front part of the head (figs. 5, 6, 
and 12,* o^). The two others, which ar^ fixed into the 
hinder crosspiece and hinder lateral pieces, pass upw^r^s 
and backwards, to fie attached to the iyner face of the 
carapace in the back pa^t of the head {pg). When these 
muscles shorten, or contract, they pull the front and back 
crosspieces further away from one another ; consequently, 
the angle between the handles becomes more open and 
tl^ tooth which is borne on their ends travels downwards 
and forwards. But, at the same time, the angle between 
the side bars becomes more open and the lateral tooth 
of eacjj side nfoves inwards till ij; crosses in front of the 
middle tooth, and strikes a^aiifst this and the opposite 
lateral tooth, which has undergone » corresponding chari^e 
of place. The muscles being now relaxed, the elasticity 
of the joints suffices to bring the whole apparatus back 
to its first position, when a new contraction brings about 
a new clashing of the teeth. Thus, by the altemate con- 
traction and relaxation of these two pair of muscles, the 
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three teeth are made to stir up and crush whatever is 
contained in the cardiac chamber. When the stomach is 
removed and the front part of the cardiac chamber is cut 
away, tlj,# Yront cross-piecJfe may be seized with one pair 
of forceps and the hind cross-piece with another. On 
slightly pulling the two, so as to imitate tlie action of the 
musttics, the three teeth will be found to come together 
sharply, exactly in the manner described. 

Works on mSchanics are full of contrivances for the 

c 

conversion of motion; but it would, perhaps, be difficult to 
discover among.these a prettier solution of the problem ; 
giyep » straight pull, how to convert it into three simul- 
/ ^.neous convergent movements of as Inany points. 

What I have called the filter i^constructed mainly out 
of the chitinous lining of the pyloric chamber. Uhe aper* 
ture of communication between this and the cardiac 
chamber, already narrow, on account of the constriction of 
the yalls of the stomach at this point, is bounded at t|je 
sides by two folds ; while, from below, a conical tongue- 
shaped process (figs*. G, 10, and 11, cpv), the surface of 
which is covered with hairs, further obstruc1;s the oggming. 
In the posterior half of thO pyloric chamber, its side walls 
ar8, as it werg, pushed* in; and, above, they so nearly meet 
in the middle line, that a mere vertical chink is left be- 
tween them ; while even this is crossed by hairs set upon 
the two surfaces. In its lower half, however, each side 
wall curves outwards, and forms a cushion-shaped surface 
(fig. 10, cs) which looks downwards and inwards. If the 
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floor of the pyloric chamber were flat^ a wide triangular 
passage would thus be left open in its lower half. But, 
in fact, the floor rises into a ridge in the middle, while, at 
the sides, it adapts itself to tfle shape of the t\vb«cushion- 
shaped surfaces; the result of which is that the whole 
cavity of the posterior part of the pyloric divigion of the 
stomach is reduced to a narrow three-rayed fissureT Tn 
transverse section, the vertical ray of this fissure is 
straight, while the two lateral ones are concave upwards 
(fig. 9 , E). The cushions of the side walls are covered 
with ‘short close-set hairs. The corresponding surfaces 
of the floor are raised into longitudinal parall<9i ridges, 
the edge of each olp which is fringed with very fine hairs. 
As everything which passes from the cardiac sac to the 
intestine must traverse this singular apparatus, only the 
most finely divided solid matters can escape stoppage, so 
long as its walls are kept together. 

• Finally, jft the opening of the pyloric sac injo the 
intestine, the chitinous investment terminates in five 
symmetricallv arranged processes, the disposition of 
whi<ji is sudi that they mus^play the part of valves 
in preventing any suddei^ return of the contents of the 
intestine to the stomach, while "they readily allow ^f a 
passage the other way. One of these valvular processes 
is placed in the middle line above (figs. 10 and 11, v^). 
It is longer than the others and* concave below. The 
lateral processes (v^,) of which there are two on each side, 
are triangular and flat. 
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The quticular litfing which gives T'ise to all the com- 
];)licated ajpparatus wliich has just been described, must 



-r'lG. 11 . — Astaevs fluvlatilis . — ^View o^the roof of the stomach, the 
ventral waU of which, aii£ of the mid-^t, is laid open by a longi- 
tudinal incisioft ( x 4). On the right side (the left in the figure), 
the lateral tooth is cut away, as well as the floor of the lateral 
pouch. The letters have the some signification as in fig. 10. 

not be confounded with the proper wall of the stomach, 
which invests it, and to which it owes it origin, just as 
the cuticle of the integument is produced by the soft 
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true skin which lies ^eaeath it. The Vail of the stomach 
is a soft pale membrane containing variously disposed 
muscular fibres ; and, bej^oud the pyjorus, it is continued 
into the wall of the intestine. * > 

It has already been mentioned that the intestine is 
a slender and thin-walled tube, which passes straight 
through the body almost without change, except that it 
becomes a little wider and thicker-walled near tlfe vent. 
Immediately behind the p3doric valves, its surfacejs quite 
smooth and soft (figs. 9, 10, and 12, mg)^ and its floor 
presents a relatively large aperture, the termination of 
the bile duct (fig. 12, hd, fig. 10, fej?.), on each side. * The 
roof is, ai^^ it were, pushed out into a short median pouch 
or c<scum (cce). Behind this, its character suddenly 
changA, and six squarish elevations, covered with a 
chitinous cuticle, encircle tile cavity of the intestine (r). 
From each of these, a longitudinal ridge, corresponding 
•with a fold of the wall bf the intestine, takes its rise, and 
passes, with a slight spiral twist, ^ to its extremity Qig), 
Each of thege ridges is beset with small papilljB, and the 
chitibous lining is continued cfv^er the whole to the vent, 
where it passes into the ^general cuticle of the integu- 
ment, just as the lining of the stomach# is continuous 
with the cuticle of the integument at the mouth. The 
alimentary canal may, therefore, be distinguished into 
a fore and a hind-gut {hg), whicli have a thick internal 
lining of cuticular membrane ; and very short mid- 
gut {mg), w^hich hfts no thick cuticular la^^er. It will be of 
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importance to recollect this distinction by-and-by, when 
the development of the alimentary canal is considered. 

If the treatment to which the food is subjected in 
the alimentary apparatus were of a purely nfe*hanical 
nature, there would be nothing more to describe in this 
part of the crayfish’s mechanism. But, in (vi’der that 
the nutritive matters may be turned to account, and 
undergo the chemical metamorphoses, which eventually 
change them into substances of a totally differenj; cha- 
racter, they must paas out of the alimentary canal into 
the blood. And they can do this only ^by making their 
way through the walls of the alimentary canal ; i6 vAich 
end they jnust eitiier be in a state of extremely fine 
division, or the}^ must be reduced to the fluid condition. 
In the <^se of the fatty matters, minute subdivision may 
suffice ; but the amylaceous stibstances and the insoluble 
protein compounds, such us the fibrin of flesh, must be 
brought into*a state o^ solution. Therefore somcbsuh- 
stances must be poured into the alimentary canal, which, 
when mixed with the crushed food, will play the part 
of a fliiemical agent, dissolving out the insoluble proteids, 
changing the amyloids intg soluble sugar, and convert- 
ing all the proteids into those diflbsible foipis of protein 
matter, which are known as peptones. 

The details of the processes hfere indicated, which 
may be included under the general ilame of digestion^ have 
only quite recently been carefully investigated in the 
crayfish ; and we have probably still much to learn about 
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them; but what* has been made, out is very interesting, 
and proves that considerable diflferences exist between 
crayfishes and the higher animals in this respect. 

The^ {)liySiologist calls* those organs, the function of 
which is to prepare and discharge substances of a special 
character, glands; and the matter which they elaborate 
is termed their secretion. On the one side, glands are 
in relation with the blood, whence they derive the 
materials whi^ they convert into the substances 
characteristic of their secretion,' on the other side, 
they have access, directly or indirectly, to a free surface, 
on to vhich they pour their secretion as it is formed. 

I Of such glands, the alimentary canal of Jhe crayfish 
is provided mth a pair, which ajse not only of very large 
size, but are further extremely conspicuous, oil account 
of their yellow or brown colour. These two glands (figs. 
12 and 13, Ir) are situated beneath, and on each side of, the 
stoipach and the anterior part of*the intestine, and answer 
in position to the glands termed liver and pancreas in the 
higher animals, inasmuch as they pour their secretion into 
the mid-gut. These glands have hitherto always b«en re- 
garded as the liver, and tlie njme may be retained, though 
tlUbir secretin apperf!rs rather to correspond with the 
l^ancreatic fluid than with the bile of the higher animals. 

Each liver consists of an immense number of short 
tiibes, or caca, whiclr are closed at one end, but open at 
die other into a general conduit, which is tenned their 
duet. The mass of the liver is roHghly divided into 




Fig. IZ^^AHacna fluvUitili8,--Th!& alimentary canal and liveraseen from 
above (nat. size), hd^ bile-duct ; ccr, csocuiv ; cs, cardiac portl<^ of 
stomach, the line pointing to the cardiac c^ble ; hg^ hind-gut ; mg, 
mid-gut -fpo, pterocardiao ossicle ; pa, pyloric portion of stomabh, 
the line pointing to the pyloric ossicle ; ridge se^bratlng mid-j^t 
from hind-grut ; zo, ossiole. 
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three lobes, on^ anterior, one latjpral, and one posterior ; 
and e£ch lobe has its main duct, into which all the tubes 
composing it open. The three ducts unite together into 
a widVi common duct (6d), which opens, just behind the py- 
loric valves, into the floor of the mid-gut. Hence the aper- 
tures of the two hepatic ducts are seen, one on each side, 
in this part of the alimentary canal when it is laid open 
from above. Every ctecum of the liver has a thin outer 
waU, lined internally by a layer of cells, constituting what 
is termed an epithelium; and, ^t the openings of tlie 
hepatic ducts^ this epithelium passes into a layer of some- 
<nvhaf similar structure, which lines the mid-gut, and is 
continued through the rest of the aliiqpntary canal, 
beneath the cuticula. Hence #the liver may be regarded 
as a much divided side pouch of the mid-gut. ^ 

The epithelium is made up of nucleated cells, which are 
particles of simple living matter, or protoplasm, in the 
midst of each of which is a rounded body, which is termed 
the nucleus. It is these cells which are the seat of the 
manufacturing process which results in^the formation of 
the secretion ; it is, as it were, their special buciness to 
form that secretion. To thjs end they are constantly being 
newly formed at th^ summits of the cecca. As they grow, 
they pass down towards the duct and, at the same time, 
separate into their interior certain special products, 
among which globules of yellow fatty matter are veiy 
conspicuouS| When these products are fully formed, what 
remains of the sub^nce of the cefis dissolves away, and 
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the yellow fluid accumulating in the drfcts passes into 
the mid-gut. The yellow colour is due to the globdles of 
fat. In the young cells, at the sumi^it of the csBca, 
these are either absent, or very small, whence tfi^ part 
appears colourless. But, lower down, small yellow 
granules appear in the cells, and these become •bigger,^ 
and more numerous in the middle and lower parts. In 
fact, few glands are better fitted for the study of flie 
manner in which secretion is effected than the craj^fi^h’s 
liver. 

We may now consider the alimentary machinerf', the* 
general structure of which has been explained, in 
action. • 

The fodfl, already torn and crushed by the jaws, is 
passed through the gullet into tBe cardiac sac, and there 
reduced to a still more pulpy state by the gastric mill. 
By® degrees, such parts &s are sufficiently fluid are 
drained off into the intestine, through the pyloric strainer, 
while the coarse j parts of the useless matters are probably 
rejected«by the mouth, as a hawker an owl rejects hib 
casts. There is reason to belieye, tliough it is not certainly 
known, that fluids from the intestine mix wi4h the food 
while it is undergoing trituration, and effect the transforma- 
tion of the starchy and the insoluble protein compounds 
into a soluble state. At any rate, as soon as the strained-off 
fluid passes into the mid-gut it must be minced with the 
secretion of the livef , the action of which is probably 

V 2 
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similar to thalf of the panci*€a^c juice of the higher 
animsfis. 

The mixture^ thus produced, which answers to the 
chyle'^ of the higher animals, passes along the intestine, 
and the greater part of it, transuding through the walls of 
the alimentary canal, enters tlie blood, Avhile the rest 
accumulates as dark coloured fteces in the hind gut, and 



'Ffa. 14 . — Agtacvs fluviatiUs.-^The corpuscles of the blood (highly mag- 
nified). 1-8 show the changes undergone by a single corpuscle 
during a quarter of an hour ; 9 and 10 ore corpuscles killed by 
magenta, and having the nucleus deeply stoiLed by the colouring 
matter. 71 , nucleus. ‘ 

» 

is eventuafly passeS out of the body by the vent. The 
fflscal matters are small in amount, and the strainer is 
so efficient that they rarely contain solid particles of 
sensible size. Sometimes, however, there are a good 
many minut€b fragments of vegetable tissue. 

The blood of which the nutritive^ elements of the food 
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liave thus become integral parts, is a clear fluid, either 
colourless, or of a pale neutral tint or reddish hue, \Phich, 
to the naked e 3 ^e, appears like so much water. ^ But if 
subjected to microscopic examination, it is found con- 
tain innumerable pale, solid particles, or corpuscles, 
which, when examined fresh, undergo constant changes,., 
of fonn (fig. 14). In fact, they correspond very closely 
with the colourless corpuscles which exi^t in our own 
blood; and, in its general characters, the cra 3 '^fish’s 
blood is such as ours •would be if it were somewhat 
diluted and deprived of its red corpuscle^. In other 
words, it resembles ^ur tymph more than it does oftr* 
blood. Left ^o itself it soon coagulates, ^ving rise to a 
pretty firm clot. • 

The sinhses, or cavities in which the greater part of 
the blood is contained, are disposed very irregularl 3 ^ in 
the intervals between the internal organs. But there is 
onePof especially large size*on the ventral or stenial side 
of the thorax (fig. 15, sc), into which ajl the blood in the 
body sooner or Jater makes its v^ay. From this sternal 
sinus passages {av) lead to the gill^, and from these again 
six canals (bev), pass up on th% inner side of the inner wall 
of each branchial chamber to a cavity situated in the 
dorsal region of the thorax, termed the pericardium (p), 
into which they open. 

The blood of the cra 3 ^fisli is kept *in a state of con- 
stant circulating motion by a pumping and distributing 
machinery, compose<fof the heart axib. of the arteries, with 




Fiu. 15 . — Astacus flurtnfUis . — A dicy^ammatic tiansyerse section of 
* the thorax through the twelfth somite, showing the course oi the 
circulation of the blood ( x 3), arh, 12, the anterior or lower, and 
arl/, 12, the posterior or upper arthrobranchia of the twelfth 
somite ; nv, afferent branchial vessel ; hcv, blnnchio-cardiac vein ; 
hg, branohiostegite ; extensor muscles of ahdomexf ; t-jh epi- 
meral wall of thoracic cavity ; cv, efferent branchial vessel ; /«/, 
t flexor muscles of a^omen \fp, floor of pericardium ; gn, 6*, fifth 
thoracic ^nglion ; A, heart ; hind-gut ; inferior abdominal 
arteiy, in cross section ; la, lateral valvular apertures of heart ; Ir, 
liver ; vtp, indicates the position of the mesophragm by which the 
sternal canal is bounded laterally ; p, pericardial sinus ; pdb, 12, 
podobranchia, and 12, pleurobranchia of the twelfth somite ; 
m,stemal arteiy ; saa, superior abdominal artery ; sc, sternal canal ; 
t, testis ; stezn^ of twelfth somite. The arrows indicate 
the direction of the blood flow. * 
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their larger and smaller ^ranches, which proceed from it 
and ramify through the body, to terminate event^ially in 
the blood sinuses, which represent the veins of the 
liigher animals. 

When the carapace is removed from the middle of the 
region whicli lies behind the cervical groove,^ that is, 
when the dorsal or tergal wall of the thorax is takeii 
away, a spacious chamber is laid open which is full of 
blood. This is the cavity abeady mentidhed as the pm- 
cardium (fig. 15, p), tljough, as it differs in some respects 
from that which is so named in tlie higher animals, it will 
be better to term it tlie pericardial sinus, • ^ ^ 

The heart (fig. 19, h), lies in tlie midstjof this sinus. It 
is a thick muscular body^(fig. 16), with an irregularly hexa- 
gonal coiatour when viewed from above, one angle of the 
hexagon being anterior and another posterior. The lateral 
angles of the hexagon are connected by bands of fibrous tis- 
Sipe (ac) with tiie ivalls of^he pericardial sinus. Otherwise, 
the heart is free, except in so far as it is kept in place by the 
arteries which leave it and traverse the walls of the peri- 
cardiijm. One of these arteries J^figs. 5, 12, and 16, saa), 
starting from the hinder part ‘of the heart, of w^hich it 
is a sort of continuation, runs along the middle line® of 
the abdomen above the intestine, to which it gives off 
many branches. A second large artery starts from a 
dilatation, which is common to it with the foregoing, but 
passing directly downw^ards (figs. 12 and 15, sa, and fig. 16, 
st. a), either on the#*ight or on the left side^of the intestine. 
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traverses the nervous cord (figs. 12 and 15), and divides 
into anranterior (fig. 12, sa) and a posterior (too) branch, 
both of which run beneath and parallel with that cord. 



Fig. 16. — Axtacvs fluviatiliit, — ^The heart ( x 4). A, from above ; B, from 
below ; C, from the left side, aa, antcnnary arteiy ; ac^ alas cordis, 
or fibrous bands connecting the heart with the <walls of the peri* 
cardial sinus ; ft, bulboust dilatation at the origin of the<«temal 
artery ; ha^ hepatic artery ; lateral valvular apertures ; oph- 
^ thalmic arteiy ; superior Ttdvular apertures ; superior 
abdominal qftery ; sternal arteiy, in B cut off close to its 
, origin. 

A third artery runs, from the front part of the heart, 
forwards in the middle line, over the stomach, to the 
eyes and fore part of the head (figs. 6, 12, and 16, oa ) ; 
and two others diverge one^on each side of this, and sweep 
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round the stomach to the antennjc (aa)! Behind these, 
yet two other arteries are given off from the underside of 
the heart, and supply the liver (Jia). All these arteries 
branch oiit and eventually terminate in fine,* Socalled 
capillary, ramifications. 

In the dorsal wall of the heart two small oTsal aper- 
tures are visible, provided with valvular lips (fig. 16, 
«a), which open inwards, or towards the internal cavity 
of the heart. There is a similar aperture in each of the 
lateral faces of the heart (la), and two others in its 
inferior^ face (ia), making six in all. Uhese apertures 
readily admit fluid into the heart, but oppose its esdt. 
On the other hand* at the origins of th^ arteries, there 
are small valvular folds,, directed in such a manner as to 
pennit tlie exit of fluid from the heart, wdiile they prevent 
its entrance. • 

The avails of the heart are muscular, and, during life, 
th^y contract itt intervals*wdth a regular rhj^thm, in siich 
a manner as to diminish the capacity of the internal cavity 
of the organ. The result is, that the blood which it 
contaiiis is driven into the arteries, and necessarily forces 
into their smaller ramifications* an equivalent amount of 
the blood which they already cont^ed ; wjjence, in tBe 
long run, the same amount of blood passes out of the 
ultimate capillaries into the blood sinuses. From the 
disposition of the blood sinuses, the impulse thus given 
to the blood which they contain is finally conveyed to the 
blood in the branchies, and a propof tional quantity of that 
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blood leaves the brauchisB and parses into the sinuses which 
connect them with the pericardial sinus (fig. 15^ hcv)^ and 
thence into that cavity. At the end of the contraction, 
or systok] of the heart, its*volume is of course diminished 
by the volume of the blood forced out, and the space 
between^the walls of tlie heart and those of the pericardial 
smus is increased to the same extent. This space, how- 
ever^ is at once occupied by the blood from the branchiae, 
and perhaps by^ome blood which has not passed through 

c 

the branchiae, though this is doubtful. When the systole 
is over, the diq^tole follows ; that it to say, the elasticity 
of fheewalls of the heart and that of the various parts 
which connect if with the walls of thfe pericardium, bring 
it back to its former size, and the blood in the pericardial 
sinus flows into its cavity by the six ajiertures# With a 
new systole the same process is repeated, and thus the 
blood is driven in a circular course through all parts of 
tlie^body. 

It will be observe*d that the branchiae are placed in the 
course of the current of blood which is returning^to the 
heart ; which is the exat;t contrary of what happens in 
flShes, in which the blood is sent from the heart to the 
branchiae, on its way to the body. It follows, from this 
arrangement, that the blood which goes to the branchiae 
is blood in which the quantity of oxygen has undergone 
a diminution, and that of carbonic acid an increase, as 
compared witli the blood in the hefiu't itself. For the 
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activity of all the organs, and especially of the muscles, 
is inseparably connected with the absorption of oxygen 
and the evolution of carbonic acid ; ^and the only source 
from which the one can be cferived, and the *o5ily recep- 
tacle into which the other can be j)oured, is the blood 

which bathes and permeates the whole fabric tp which it 

* 

is distributed by the arteries. 

The blood, therefore, which reaches the branchiae has 
lost oxygen and gained carbonic acid; Imd these ^organs 
constitute the apparatus for the elimination of the inju- 
rious *gas from the economy on the one hand, and, on the 
other, for the taking in of a new supply of the needful 
** vital air^” as the old chemists called it. It is thus that 
the branchia3 subserve^the respiratory function. 

The Crayfish has eighteen perfect and two rudimentary 
branchiiB in each branchial •chamber, the boundaries of 
which have been already described. 

• Of the eigfiteen perfect branchite, six (podobranchj^) are 
attached to the basal joints of the thoracic limbs, from the 
last but one to the second (second maxillipede) inclusively 
(figj®4, p. 26, and fig. 17, A, B) ; and eleven {arthro- 
hranchice) are fixed to the flexible interarticular mem- 
branes, which connect these basfil joints^with the parts 
of the thorax to which they are articulated (fig. 4, arb, arb\ 
fig. 17, C). Of these eleven branchice, two are attached 
to the interarticular membranes ^)f all the ambulatory 
legs but the last, (=6) and to those of the pincers and of 
the external maidllipedes, (=4) and one to that of the 




Fig. n.—A/ttacva^fliiviatiUs.—K, one of the podobranchiso from the 
« outer side ; B, the same from the inner side ; C, one of the arthro- 
branchiae ; D, a part of one of the coxopoditio sctso ; E, extremity of 
the same seta ; F, extremity of a seta from the base of the podo- 
branohia ; G, hooked seta of the lamina ; (A— C, x .S ; D— G, highly 
magnified), h, base of podobranchia ; coxopoditio setss; 
coxopodite ; Isfimina, pi, plume, and st, stem of podobranchia ; 
tutocle on the coxopodite, to which the sdtse are attached. 
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second maxillipede. The first maxillii;)ede and the last 
ambulatory limb have none. Moreover, where ^here are 
two arthrobranchiflc, one is more or Jess in front of and 
external to the other. '' 

These eleven arthrobranchise are all very similar in 
structure (fig. 17, C). Each consists of a stem which con-^ 
tains two canals, one external and one internal, separated 
by a longitudinal partition. The stem is beset with a^great 
number of delicate branchial JUaments^ so that it looks 
like a plume tapering from its base to its summit. Each 
filament is traversed by large vascular ^channels, which 
break up into a net- work immediately beneath the'sucrface. 
The bloo4, driven into the external canals of the stem (fig. 
15, av) is eventually poured into the inner canal (ev), which 
again (Jbinmunicates with the channels (bcv) which lead to 
the pericardial sinus (p). In its course, the blood traverses 
the branchial filaments, the outer investment of each of 
•which is an excessively thin chitinous membrane, so that 
the blood contained in them is practically separated by a 
mere film frojn the aerated water in which the gills float. 
Heifte, an exchange of gaseous^onstituents readily takes 
place, and as much oxyge^ is laken in as carbonic acid is 
given out. * o 

The six podobranchise, or gills which are attached to» 
the basal joints of the legs, play the same part, but differ 
a good deal in the details of theft: structure from those 
which are fixed to the interorticular membj:anes. Each con- 
sists of a broad biise (fig. 17, A and B ; b) beset with many 
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fine straight hairs/ or seta (F), whence a parro^w stem (st) 
proceeds? At its upper end this stem divides into two 
parts, that^in fronts the plume {pi), resembling the free 
end of ftie of the gills just described, while that behind, 
Jibe lamina (Z), is a broad thin plate, bent upon itself longi- 
^tudinally in such a manner that its folded edge lies for- 
wards, and covered with minute hooked setse (G). The 
gill which follows is received into the space included 
between the two lobes or halves of the folded lamina 
(fig. 4, p. 26). Each lobe is longitadinally plaited into 
about a dozen fdlds. The whole front and outer face of 
the is beset with branchial filaments ; hence, we may 
compare one of tiiese branchise to one of the. preceding 
kind, in which the stem has become modified and has 
given off a large folded lamina from its inher and 
posterior face. 

Thebranchise now described are arranged in sets of 
thre» for each of the thoracic limbs, fi:om the third 
maxillipede to the last but one ambulatory limb, and 
two lor the second maxillipede, thus makjng seventeen 
in all (3 X 6 + 2 = 17) ^ and, between every two thtre is 
found a bundle of long twisted fcairs (fig. 17, A, cx.s; D and 
E), which are attached 'to a small elevation (/) on the basal 
joint of each limb. These coxopoditic seta, no doubt, serve 
to prevent the intrusion of parasites and other foreign 
matters into the branchial chamber. From the mode 
oi attachment oi the six hranchise it is obvious that they 
must share in the movements of the Dasal joints of the 
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legs ; and that, ,wliea the crayfish walks, they must be 
more or less agitated in the branchial chamber. 

The eighteenth branchia resembles oone of ^e eleven 
arthrobranchias in structure ; but it is larger, aifil it is 
attached neither to the basal joint of the hindermost ambu-. 
latory limb, nor to its interarticular membrane, but to the ^ 
sides of the thorax, above the joint. From this mode ot 
attachment it is distinguished from the otliers as aplewro- 
Lranchia (fig. 4, plh. 14). 

Finally, in front of this, fixed also to the walls of tlie 
tliorax, above each of the two preceding paifs of ambulator}^ 
limbs, there is a delicate filament, about a sixteenlSi t)f 
an inch which has the structure* of a branchial 

filament, and is, in faat, a rudimentary pleurobranchia 
(fig. 4, plb. 12, plb. 13). 

The quantity of water which occupies the space left in 
the branchial chamber by the gills is but small, and as 
the respiratory surface offered by the gills is relat^ely 
very large, the air contained in Jhis water must be " 
rapidly exhau^ed, even when the crayfish is quiescent ; 
whiles when any muscular exertion takes place, the quan- 
tity of carbonic acid fonn^d, and the demand for fresh 
oxygen, is at once greatly increased. Fon the efficient 
performance of the function of resmation, therefore, the 
water in the branchial chamber muOT be rapidly renewed, 
and there must be some arrangement by whlcb the 
supply of fresh water may be propo^jtioned to the 
demand. In maiiy animals, the respiratory surface is 



80 THE PHYSIOLOGY OF THE COMMON CRAYFISH. 


covered with rai)idly vibrating filaments, or cilia^ by 
means ' of which a current of water is kept con- 
tinually flowing over the gills, but there are none of these 
in the%rayfi&h. The same object is attained, however, in 
. another way. The anterior boundary of the branchial 
chambel- corresponds with the cervical groove, which, as 
has been seen, curves downwards and then forwards, 
until it terminates at the sides of the space occupied by 
the jaws. If tlie branchiostegite is cut away along tl^ 
groove, it will be found that it is attached to the sid-es of 
the head, whiclB project a little beyond the anterior part 
of fhe thorax, so that there is a denression behind the 
sides of the head — just as there is a depression, behind a 
man’s jaw, at the sides of the neck. Between this 
depression in front, the walls of the thorax internally, 
the branchiostegite externally, and the bases of the for- 
ceps "and external foot-jaws below, a curved jcanal is in- 
cluded, Jby which the branchial cavity opens forwards as by 
a funhel. Attached to the base of the second maxilla 
there is a wide curved plate (fig. 4, S) which fits 
against the projection of the head, as a shirt collai^ight 
d^, to caiTy out our previous /comparison ; and this scoop- 
shaped plate* (termed the scapliognathite), which is con- 
cave forwards and convex backwards, can be readily 
moved backwards and forwards. 

If a living crayfisli is taken out of the water, it will 
be found that, as the water drains away from the branchial 
cavity, bubbles of air are forced out of fts anterior opening. 
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Again, if, Tvhen a^crayf^h is resting quietly in the water, 
a little coloured fluid is allowed to run down towards 
the posterior opening of the branchial chamber, it will 
very soon be driven out from the anterior a^dtture, 
with considerable force, in a long stream. In fact, as^ 
the scaphognathite vibrates not less than three»or four 
times in a second, the water in the funnel-shaped front 
passage of the branchial cavity is incessantly baled out ; 
and, as fresh water flows in from behind to make ujj the 
loss, a current is kept* constantly flowing over the gills. 
The rapidity of this current naturally d^ends on the 
more or less quick^ repetition of the strokes if the 
scaphognathite; and hence, the activity •of the respira- 
tory function can be acci*rately adjusted to the wants of 
the economy. Slow working of the scaphognathite 
answers to ordinary breathing ih ourselves, quick working 
to panting. ; ^ 

A further self-adjustmeftit of the respiratory apparatus 
is gained by the attachment of the six gills to th!b basal 
joints of the ^egs. For, when the animal exerts its 
muscleii hi walking, these gills are agitated, and thus not 
only bring their own surface^ more largely in contact with 
the water, but produce the same effect upQp the other 
gills. 

The constant oxidation which goes on in all parts of 
the body not only gives rise to carbonic acjd ; but, so far 
as it affects the proteinaceous constituents, it producerf 
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comiiounds which contain nitrogen, and these, like other 
waste ■‘products, must be eliminated. In the higher 
animals, such wa^te products take the form of urea, uric 
acid,%ll)puric acid, and the like; and are got rid of by 
the kidneys. We may, therefore, expect to find some 
organ which plays the part of a kidney in the crayfish ; 
but the position of the structure, which there is much 
reSson for regarding as the representative of the kidnej'', 
is ^ singular* that very different interpretations have 
been put upon it. « 

On the baM joint of each antenna it is easy to see a 
smairconical eminence with an opening on the inner side 
of its summit ‘{fig. 18). The aperture {x) leads by a 
short canal into a spacious sap, with extremely delicate 
walls (s), which is lodged in the front part of the head, in 
front of and below the cardiac division of the stomach (cs). 
Beneath this, in a sort of recess, which corresponds with 
the epistoma, and witli the base of the antenna, there is a 
discoidal body of a dull green colour, in shape somewhat 
like one of the fruits of the mallow, which is known as 
the green gland {gg). The sac narrows below liko a wide 
funnel, and the edges of its ^mall end are continuous with 
^he walls of the grein gland ; they surround an aperture 
which leads into the interior of the latter structure, and 
conveys its products into the sac, whence they are excreted 
by the opening in tHe antennary papilla. The green gland 
is said to coiji^tain a substance termed guanin (so named 
^because it is found in the guano whieh is the accumulated 
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excrement of birds), a nitrogenous body analogoas'in 
some respects to uric acid, but less highly oxidated ; 



m • 

Fig. 18. — Asfants Jluviatilis. — A, the anterior part of the body, with 
the dorsal portion of the carapace removed 4iO show the position of 
the green glands ; B, the same, with the left side of the carapace 
remc^ed ; G, t&e g^een gland removed from the body (all x 2). 
ag, left anterior gastric muscle ; circumcesophageal commis- 
sures ; cs, cardiac portion of ^mach ; yy, green gland, expos^ 
in A on the left side by the removal ^f its sa^; imay inter- 
maxillary or cephalic apodeme ; cps, oesophagus seen in transverse 
section in A, the stomach being removed ; s, sac of green gland ; 
Xy bristle passed from the aperture in the based joint of the antenna 
into the sac. • 

and if this be the case, there can be little doubt that 
the green gland represents the kidney, and its secretion 

G 2 
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the 'orinary fluM, while the sac is a sort of urinary 
bladder. ^ 

EdOtficting our attention to the phenomena which have 
now been described, and to a short period in the lifo of 
the crayfish, the body of the animal may be regarded 
as a factory, provided with various pieces of machinery, 
b/Tneans of which certain nitrogenous and other matters 
are ^extracted from the animal and vegetable substances 
which serve for food, are oxidated*, and are then delivered 
out of the f&ctory in the shape of carbonic acid gas, 
guanift, and probably some other products, with which 
we are at present unacquainted. Xnd there is no doubt, 
that if the total amount of pi;9ducts given out could be 
accurately weighed against the total amount o£ materials 
taken in, the weight of the two would be found to be 
identical. To put the matter in its most general shape, 
the body of the crayfish is a sort of focus to which certsiin 
material particles converge, in which they move for a 
time, and from which they are afterwards expelled in new 
combinations. The parallel between a whirlpool in a 
stream and a living being, which has often been dravui, is 
as just as jt is strfting. The whirlpool is permanent, 
but the particles of water which constitute it are in- 
cessantly changing. Those which enter it, on the one 
side, are whirled arOund and temporarily constitute a part 
of its individuality; and as they leave it on the other 
side, their places are made good byciew comers. 
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Those who ha'^e seen the wonderful whirlpool, three 
miles below the Falls of Niagara, will not have fof gotten 
the heaped-up wave which tumbles and tosses, a very 
embodiment of restless energy, where the swift* sfreain 
hurrying from the Falls is compelled to make a sudden, 
turn towards Lake Ontario. However changefifl in the 
contour of its crest, this wave has been visible, approxi- 
mately in the same place, and with the^ same general 
form, for centuries past. Seen from a mile off, it w)uld 
appear to be a stationafy hillock of water. Viewed closely, 
it is a typical expression of the confli^ing impulses 
generated by a swift ^sh of material particles. * • • 
Now, with all our appliances, we caAnot get within 
a good many miles, so t« speak, of the crayfish. If we 
could, we*should see that it was nothing but the constant 
form of a similar turmoil of material molecules which 
are constantly flowing into the animal on the one side, 
aifd streaming out on the*other. • 

The chemical changes which take place in the body of 
the crayfish, ari doubtless, like other chemical changes, 
accompanied by the evolution offbeat. But the amount 
of heat thus generated is S9 small and, in consequence 
of the conditions under which the crayfish Iwes, it is so 
easily carried away, that it is practically insensible. The 
crayfish has approximately the temperature of the sur- 
roupding medium, and it is, therefore, reckoned among 
the cold-blooded animals. • 

If our investigatfon of the results of the process of 
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alimentation in a well-fed Crayfish wer^ extended over a 
longer \ime, say a year or two, we should find that the 
products, given out were no longer equal to the materials 
takeiTin, and the balance would be found in the increase 
of the animal’s weight. If we inquired how the balance 
was distributed, we should find it partly in store, chiefly 
in the shape of fat ; while, in part, it had been spent in 
increasing the j[)lant and in enlarging the factory. That 
is tf' say, it would have supplied the material for the 
animal’s growth. And this is one of the most remark- 
able respects^in which the living factory differs* from 
thfise^ which we construct. It not only enlarges itself, 
but, as we hav^ seen, it is capable of execi^ting its own 
repairs to a very considerable er.tent. 



CHAPTER m. 

THE PHYSIOLOGY OF THE CBAYFISH THE I^IECHANISM »- 

WHICH THE LIVING ORGANISM ADJUSTS ITSELF TO 

SURROUNDING CONDITIONS AND REPRODUCES ITSELF. 

• 

If hand is brought near a vigorous crayfish, free 
to move in a large vessel of water, it will generalljr give 
a vigorous fl|ip with its tail, and dart backwards out of 
reach ; but if a piece of meat is gently lowered into 
the vessel^ the crayfish will sooner or later approach and 
devour it. • 

If we ask why the crayfish behaves in this fashion, 
every one has *an answeif ready. In the first case, k is 
said that the animal is aware of danger, and therefore 
hastens away ; jn the second, that it knows that meat is 
good t# eat, and therefore walks towards it and makes a 
meal. And nothing can s^em to be simpler or more 
satisfactory than these replies, until we att^pt to con- 
ceive clearly what they mean ; and, then, the explanation, 
however simple it may be admitted to be, hardly retains 
its satisfactory character. 

For example, when we say that the craj'^sh is aware 
of danger,’* or ** kntows that meat is good to eat,” what 
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do we meftii iJy ‘‘ being awar^ ” and knowing ” ? 
Certainly it cannot be meant that the crayfish says to 
himself, as we do„‘'This is dangerous,’* ‘'That is nice ; ” 
for tHb Crayfish, being devoid of language, has nothing to 
say either to himself or any one else. And if the cray- 
fish hafi^ not language enough to construct a proposition, 
it is obviously out of the question that his actions should 
b?* guided by a logical reasoning process, such as that 
by )yhich a man would justify similar actions. The 
crayfish assuredly does not firslr frame the syllogism, 
“ Dangerous things are to be avoided; that hand is 
da»ge1:ous ; therefore it is to be avoided ; ” and then act 
upon the conclusion thus logically drawn. ^ 

But it may be said that chiliiren, before they acquire 
the use of language, and we ourselves, long after we are 
familiar with conscious reksoning, perform a great variety 
of perfectly rational acts unconsciously. A child grasps 
at a sweetmeat, or cowers before a threatening gestuie, 
before it can speak ; and any one of us would start back 
from a chasm opening at our feet, or sto^op to pick up a 
jewel from the ground, “without thinking abetot it.'* 
And, no doubt, if the cray^h has any mind at all, his 
mental opei^tions mfist more or less resemble those which 
the human mind performs without giving them a spoken 
or unspoken verbal embodiment. 

If we analyse the^e, we shall find that, in many cases, 
distinctly felt isensations are followed by a distinct desire 
to perform some act, which act is accordingly performed ; 
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\vhile, in other cases, the act follows the sensation with- 
out one being aware of any other mental process ; and, 
in yet others, there is no consciousness, even of the sensa- 
tion. As I wrote these last words, for exanix)Ie,Tt had 
not the slightest consciousness of any sensation of hold; 
ing or guiding the pen, although my fingers were caus- 
ing that instrument to perform exceedingly complicated 
movements. Moreover, experiments upon animals have 
proved that consciousness is wholly unnecessary ip the 
carrying out of many* of those combined movements by 
which the body is adjusted to varying external conditions. 

Under these circumstances, it is really quite vHti open 
question w^^ether a crayfish has a mind or not ; more- 
over, the problem is au absolutely insoluble one, inas- 
much asfnotliing short of being a crayfish would give us 
positive assurance that such'an animal possesses con- 
sciousness ; and, finally, supposing the crayfish has a 
mind, that fact does nof explain its acts, but only shows 
that, in the course of their accomphshment, they are 
accompanied J)y phenomena similar to those of which 
we ai% aware in ourselves, under*like circumstances. 

So we may as well leave Jhis question of the crayfish’s 
mind on one side for the present* and tujn to a more 
profitable investigation, namely, that of the order and 
connexion of the physical phenomena which intervene 
between something which happens in the neighbourhood 
of the animal and that other something ^which responds 
to it, as an act of llie crayfish. 
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Whatever else *it may be, this so far as it is 

acted upon by bodies around it and reacts on them,, is a 
piece of mechanisip, the internal works of which give rise 
to ceftaih movements when it is affected by particular 
external conditions ; and the}’^ do this in virtue of their 
I physical-properties and connexions. 

Every movement of the body, or of any organ of the 
bo'dy, is an effect of one and the same cause, namely, 
muscplar contraction. Whether the crayfish swims or 
walks, or moves its antennae, or seistes its prey, the imme- 
diate cause of* the movements of the parts whicli bring 
about, ^r constitute, these bodily motions is to be sought 
in a change wliich takes place in the fiesh,«or muscle, 
which is attached to them. Tl^ change of place which 
constitutes any movement is an effect of a •previous 
change in the dispositioh of the molecules of one 
or more muscles ; while the direction of that move- 
ment depends on the connexibns of the parts of the 
skeleton with one ^another, and of the muscles with 
them. ^ 

The muscle of the crayfish is a dense, w^hite substance ; 
and if a small portion of it is^subjected to examination it 
will be foun<i to be ferj^^ easily broken up into more 
or less parallel bundles of fine fibres. Each of these 
fibres is generally found to be ensheathed in a fine trans- 
parent membrane, which is called the sarcolemma, within 
which is contained the proper substance of the muscle. 
When quite fresh and living, this sifbstance is soft and 
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semi-iluid, but it Jiardens and becomes solid immediately 
after, death. 

Examined, with high magnifying * powers,, ii^this 



Fig. 19 . — Astactts finviatUls, — A, a sing’le mnscular ^re ; transverse 
diameter ^^th of an inch.; B, a portion of the same more higrhly 
magnified ; C, a smaller x>orUon stlU more highly magnified ; 
D and E, the splitting up of a part of fibre into fibrillas ; F , the 
connexion of a nervous with a muscular fibre which has been 
treated with acetic acid, a, darker, and clearer portions of the 
fibriUse ; a, nucleus of sarcolemma ; ar, nerve fibre; sarcolemma; 
t, tendon ; 1 — 6, successive dark bands answering to the darker 
portions, a, of each fibrilla. • 
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condition, the muscle-substance appears marked by veiy 
regular transverse bands, which are alternately opaque 
and transparent ; and it is characteristic of the group of 
animMs 1;o which the crayhsh belongs that their muscle- 
gubstance has this striped character in all parts of the 
body. • 

A greater or less number of these fibres, united into one 
or more bundles, constitutes a muscle ; and, except when 
thes^ muscles surround a cavity, they are fixed at each 
end to the hard parts of the skeleton. The attachment 
is frequently effected by the intermediation of a dense, 
fibrouS, often chitinous, substance, which constitutes the 
tendon (fig. 19, A ; of the muscle. 

The property of the living mpscle, which enables it to 
be the cause of motion, is this : Everj’^ muscular fibre is 
capable of suddenly changing its dimensions, in such a 
manner that it shortens and becomes proportionately 
thicker. Hence the absolute bulk of the fibre remains 
practically unchanged. From this circumstance, muscular 
contraction^ as the change of form of a muscle is called, 
is radically different fr#m the process which conumonly 
goes by the same name in other things, and which 
involves a diminutiorf of bulk. 

The contraction of muscle takes place witli great force, 
and, of course, if the parts to which its ends are fixed 
are both free to mdve, they are brought nearer at the 
moment of coi^raction : if one only is free to move that 
is approximated to the fixed part ; ^nd if the muscular 
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fibre surrounds a cavity, the cavity is lessened when the 
muscle contracts. This is the whole source of motor 
power in the crayfish machine. The results , produced* 
by the exertion of that power depend upon the’ manner 



Fig. 20. — Astamid fluclatills. — The chela of the forceps, with one side 
cutaway to e^ow, in A, the musctes, in B, the tendons (x 2). 
cpy carpopodite ; prp, propodite ; tfp, dactylopodite ; m, adductor 
muscle; abductor muscle; f, tendon of adductor muscle; 
tendon of abductor muscle ; a?, hinge. < ^ ^ 

in which the parts to which the muscles are attached 
are connected with one another. 

One example of this has already been given in the 
curious mechanism of the gastric mill. Another may be 
found in the chela ^’hich terminates the forceps. If the 
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articulation of the last joint (fig. 20,^ ip) with the one which 
precedes it {prp) is examined, it will he found that the 
^base of the terming.! segment (ip) turns on two hinges (;r), 
formed fcy the hard exoskeleton and situated at opposite 
jgoints of the diameter of the base, on the penultimate 
segment; and these hinges are so disposed that the 
last joint can be moved only in one plane, to or from 
the produced angle of tlie penultimate segment (p/p), 
whic]^! forms tlfe fixed claw of the chela. Between the 
hinges, on both the inner and tlie outer sides of the 
articulation, file exoskeleton is soft and flexible,' and 
allows^ the terminal segment to play easily through a 
certain arc. It is by this arrangement that the dii’ection 
and the extent of the motion of ^e free claw of the chela 
are determined. The som’ce of the motion lies in the 
muscles which occupy the interior of tlie enlarged penul- 
timate segment of the limb. Two muscles, one of very 
gre^ size (m), the other smaller (??i'), are fastened fey 
one end to the exoskeleton of this segment. The fibres of 

r 

the larger muscle converge to be fixed into the two sides 
of a long flat process of the chitinous cuticula, c^n the 
inner side of the base of the terminal segment, which 
serves as a t^don (t)"; while those of the smaller muscle 
are similarly attached to a like process which proceeds 
from the outer side of the base of the terminal seg- 
ment (t'). It is obvious that, when the latter muscle 
shortens it mpst move the apex of the terminal seg- 
ment {dp) away from the end of tho^ fixed claw ; while, 
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^lien the former contracts, the end 'of the terminal 
segment is brouglit towards that of the fixed claw* 

A living crayfish is able to perform very varied move- ^ 
ments with its pincers. Wherfit swims backwards, these 
limbs are stretched straight out, parallel with one another, 
in front of the head; when it walks, they are .usually 
carried like arms bent at the elbow, the ** forearm” 
partly resting on the ground ; on being irritated, the 
crayfish sweeps the pincers round in afiy direction to 
grasp the offending bsdy ; when prey is seized, it is at 
once cotiveyed, with a circular motion, towaft*ds the region 
of the mouth. Nevertheless, these very varied iictipus 
are all brought about by a combination of simple flexions 
and extensions, each of which is effected in the exact 
order, and to the exact extent, needful to bring the chela 
into the position required. • 

The skeleton of the stem of the limb wliich bears the 
chela is, in fifct, divided into four moveable segments ; 
and each of these is articulated with the segments on 
each side of it by a hinge of just the same character as 
that Miihich connects the moveable claw of the chela with 
the penultimate segment, whilb the basal segment is 
similarly articulated with the thoraie. ^ * 

If the axes of all these articulations * were parallel, it is 
obvious that, though the limb might be moved as a whole 
through a considerable arc, and might be bent in various 

* By axis of the orticulatioxi is meant a line drawn through the pair 
of hinges which constitute it. 
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degrees, yet all its movements would be limited to one 
plane. * But, in fact, the axes of the successive articula- 
tions are nearly at right angles to one another ; so that, 
if the 'segments are successively either extended or 
flexed, the chela describes a very complicated curve ; 
and by varying the extent of flexion or extension of 
each segment, this curve is susceptible of endless varia- 
tion. It would probably puzzle a good mathematician 
to s^y exactly what position should be given to each 
segment, in order to bring the chela from any given 
position into any other; but if a lively craj'fish is 
kicautiously seized, the experimenter w^ill find, to his 
cost, that the «animal solves the problem })oth rapidly 
and accurately. ^ 

The mechanism by which the retrograde swimming of 
the crayfish is effected, is no less easily analysed. The 
apparatus of motion is, as we have seen, the abdomen, 
with its terminal five-pointed flapper. T&e rings of the 
abdomen are articulated together by joints (fig. 21, x ) 
situated a little below the middle of the height of the 
rings, at opposite ends of transverse lines, at right 
angles to the long axis of th^ abdomen. 

Eachrinftconsists'of a dorsal, arched portion, called the 
tergum (fig. 21 ; fig. 36, p. 142, t. XIX), and a nearly flat 
ventral portion, which is the stemmn (fig. 36, $t XIX). 
Where these two join, a broad plate is sent down on 
each side, wfeich overlaps the bases of the abdominal 
appendages, and is known as ihepleufon (fig. 36, pL XIX). 
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The sterna are ojl very narrow, and are connected 
together by wide spaces of flexible exoskeleton. * 

When the abdomen is made ^straight/ it will he found 
that these intersternal membranes are stretched* as far 
as they will yield. On the other hand, when the abdomen. 



Fig. 21. — Astacm fl^iatilis. — Two of the abdominal somites, in vertical 
sectimi, seen from the inner side, to ^how x , x , the hinges by 
whicn they ore articulated with one another ( x 3). The anterior 
of the two somites is that to thejdght of the figure. 

is bent up as far as it will go, the sterna •Come close 
together, and the intersternal membranes are folded. 

The terga are very broad ; so broad, in fact, that each 
overlaps its successor, when the abdomen is straightened 
or extended, for nearly half its length in the middle 
line ; and the overlax)ped surface's smooth, convex, and 
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marked off by a transverse groove frpm the rest of the 
terguin as an articular facet The front edge of the 
articular facet is continued into a sheet of flexible cuti- 
cula, -which turns back, and passes as a loose fold to the 
hinder edge of the overlapping tergum (fig. 21). This 
tergal' interarticular membrane allows the terga to move as 
^ far as they can go in flexion ; whilst, in extreme exten- 
sion, they ar^but slightly stretched. But, even if the in- 
tercternal membranes presented no obstacle to excessive 
extension of the abdomen, the posterior free edge of each 

s t. 

tergum fits into the groove behind the facet in the next 
^iri such a manner, that the abdoniei| cannot be made more 
than very slightly concave upwards withoutjbreaking. 

Thus the limits of motioiic of the abdomen, in the 
vertical direction, are from the position in frhich it is 
straight, or has even a very slight uj)ward concavity, to 
that in which it is completely bent upon itself, the telsori 
being brought under the baSes of the hinder thoracic 
limbs. No lateral movement between the somites of the 
abdomen is possible in any of its positions. For, when 
it is straight, lateral tnovement is hindered not^only by 
|he extensive overlapping ^f the terga, but also by the 
manner incwhich the hinder edges of the pleura of each 
of the four middle somites overlap the front edges of 
their successors. The pleura of the second somite ai-e 
much larger than any of the others, and their front edges 
overlap the small pleura of the first abdominal somite; 
and when the abdomen^ is much flefed, these pleura even 
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ride over the posterior edges of the hranchiostegites. In 
the position of extension, the overlap of the terga ts great, 
while that of the pleura of the middle somites is small^ 
As the abdomen passes fronS extension to flexiod^ the 
overlap of the terga of course diminishes; but any de- 
crease of resistance to lateral strains which n*ay thus 
arise, is compensated by the increasing overlap of the 
pleura, which reaches its maximum when the abdomen 
is completely flexed. ^ 

It is obvious thati longitudinal muscular fibres fixed 
into thfe exoskeleton, above the axes of tRe joints, must 
bring the centres of the terga of the somites* ck)s^r 
together, when they contract; while ^muscular fibres 
attached below the axes^of the joints must ai)proximate 
the sterna. Hence, the former will give rise to extension, 
and the latter to flexion, of thfe abdomen as a whole. 

Now there are two pairs of very considerable muscles 
disi^osed in tins manner The dorsal pair, or the cqjfcn- 
sors of the abdomen (fig. 22, e.m), are attached in front 
to the side walls of the thorax, thence pass backwards 
into ttie abdomen, and divide into bundles, which ai’e 
fixed to the inner surfaces of the terga of all the somites. 
The other pair, or the flexors of thelibdomen(/.m) consti- 
tute a very much larger mass of muscle, the fibres of 
which are curiously twisted, lilte the strands of a rope. 
The front end of this double rope Is fixed to a series of 
processes of the exoskeleton of the tborajc, called apode^ 
mata, some of whioh roof over the sternal blood-sinuses 
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and the thoracic part of the nervous system ; while, in the 

*■ r- 

. abdomsn, its strands are attached to the sternal exoske- 
leton of all the somites and extend, on each side of the 
rec£um,^to the telson. 

When the exoskeleton is cleaned by maceration, the 





Fig. 22.^A8tacv8 Jluriat 'dk.—JL longitudinal section of the body to 
show the principal muscles and their relations jx) the ezoskeleton 
«(nat. size), a, the Tent ; addM, 'udductor muscle of mandiblts ; 

extensor, ond/.m, flexor muscle of abdomen ; a?#, oesophagus ; 
jicpj procephalic process ; the two segments of the telson ; 
XY—xXf the abdominal somites ; the appendages ; x , x , 
hinges between the succfssive abdominal somites. ^ 

abdomen has a slight curve, dependent upon the form and 
the degree of elasticity possessed by its different parts ; 
and, in a living crayfish at rest, it will be observed that 
the curvature of tlie abdomen is still more marked. 
Hence it is ready either for extension or for flexion. 

A sudden contraction of the flexor muscles instantly 
increases the ventral curvature of the abdomen, and 
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throws the tail fin, tlie two side lobes of which are 
spread out, forwards ; while the body is i>ropelled back- 
wards by the reaction of the^water against the strjjke.'** 
Then the flexor muscles being relaxed, the extensor 
muscles come into play ; the abdomen is straightened, but 
less violently and with a far weaker stroke on the water, 
in consequence of the less strength of the extensors and of 
the folding up of the lateral j)lates of t^B fin, until it 
comes into the position requisite to give full force* to a 
new downward and forward stroke. The tendency of the 
extension of the abdomen is to drive the body forward ; 
but from the compai^tive w’eakness and the obliquity of 
its stroke, its practical effect is little more than to check 
the backward motion conferred upon the body by the 
flexion oAlie abdomen. 

Thus, ever^t action of the crayfish, which involves 
mbtion, means the contraction of one or more musclfes. 
But what sets muscle contracting ? • A muscle freshly 
removed from ^he body may be made to contract in 
variou? ways, as by mechanical oy* chemical irritation, or 
by an electrical shock; bu*, under natural condition^ 
there is only one cause of muscular contractiin, and that 
is the activity of a nerve. Every muscle is supplied witli 
one or more nerves. These are delicate threads which, 
on microscopic examination, prove to be bundles of fine 
tubular filaments, filled with an apparently structureless 
substance of gelatinous consistency, the nerve fibres 
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(fig. 23). The nerve bundle whfch passes to a muscle 
breaks up into smaller bundles and, finally, into separate 
nbrP 3 , eauli of which ultimately terminates by becoming 
continuous with the substance of a muscular fibre fig. 19, 
F.) Now the peculiarity of a muscle nerve, or motor 
nerve, as it is called, is that irritation of the nerve fibre at 
any jiart of its length, however distant from the muscle. 



FiG^ 23 . — Astacus flHvlatil is , — Three n^rve fibres, With the connective 
tissue in v\rhich they are imbedded. (Magnified about 250 <fia- 
meters.) n, nuclei. ^ 

brings about muscular contraction, just fis if the muscle 
itself were irritated. A« change is produced in the mole- 
oolar condition of tjie nerv% at tlie point of irritation; 
and this change is propagated along the nerve, until it 
reaches the muscle, in w hich it gives rise to that change 
in the arrangement of its molecules, the most obvious 
effect of which is the sudden alteration of form which we 
call muscular contraction. ^ ^ 

If we follow the course of the motor nerves in a 
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direction away from tl\e muscles to vrliich they are dis- 
ti-ibuted, they mil be found, sooner or later, to tenninate 
in ganglia (fig. 24 A. glx ; fi^. 25, gn^l — 23.)^ A gans.,. 
glion is a body which is in great measure composed of 



Fig. 24. — Ai<f(tcm fluriatilia. — A, one of the ^double) abdominal gran- 
glia, with the nierves connected with it ( x 25) ; B, a nerve cell or 
ganglionic corpuscle ( x 250). a, sh^th of the nerves ; c, sheath 
of the ganglion ; co^ co\ commissuraj cords connecting the ganglia 
with those in front, and thos^ behind them. points to the 
ganglionic corpuscles of , the ganglia ; «, aicrve fibres. • 

nerve fibres ; but, interspersed among these, or disposed 
around them, there are j)6culiar structures, which are 
termed ganglionic corpuscles, or nerve cells (fig. 24, B.) 
These are nucleated cells, not unlike tlie epithelial cells 
which have been already mcntioijed, but which are larger 



on 



Fig. 25. — Astaciu Jluvifjttilis. — ^The central nervous system seen from 
above (nat. size), a, vent ; an, antennary nerve ; a'n, ontennulary 
nerve ; e, ciroumoesophageal commissures ; gn, 1, supraGesophageal 
ganglion ; gn, 2, ii&aoesophageal ganglion ; gn, G, fifth thoracic 
ganglion ; last thoracic ganglion ; gn. 13, last abdominal gang- 

lion ; 0 ?^, cBsi^hagus in cross section ; on, optic nerves sa, sternal 
artery in Gross section ; s^n, stomatogastfic nerve. 
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and often give off one or more processes. These pro- 
cesses, under favourable circumstances, can be* traced 
into continuity with nerve fibres. , 

The chief ganglia of the craj’fish are disposed in a 
longitudinal series in the middle line of the ventral 
aspect of the body close to the integument (fig. 25). 
In the abdomen, for example, six ganglionic masses are 
readily observed, one lying over the sternum of each 
somite, connected by longitudinal bands of nerve fij)res, 
and giving off branchfjs to the muscles. On careful ex- 
amination, the longitudinal connecting bands, or com- 
viissures (fig. 24, co), are seen to be double, and oaah 
mass appeal;^ slightly bilobed. In the thorax, there are 
six, larger, double gang^Jonic masses, likewise connected 
by double commissures ; and the most anterior of these, 
which is the largest (fig. 25,* gn. 2), is marked at the 
sides by notches, as if it were made up of several pairs 
of ganglia, run together into one continuous wlv)le. 
In front of this, two commissures^ (c) pass forwards, 
sepai-ating widely, to give room for the gullet (a?s), which 
passed between them ; while in rfront of the gullet, just 
behind the eyes, they unite^witfi a transversely elongated 
mass of ganglionic substance {gn. 1)J termed^the brain, or 
cerebral ganglion. 

All the motor nerves, as has been said, are traceable, 
directly or indirectly, to one or other of these thirteen 
sets of ganglia ; but other nerves are giv^n off from the 
ganglia, which canllot be followed into any muscle. In 
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fact, these nerves go either to the^ integument or to the 
organs of sense, and they are termed sensory nerves. 
When a muscla is connected by its motor nerve with 
a gmiglton, irritation of tliat ganglion will bring about 
the contraction of the muscle, as well as if the motor 
nerve itself were irritated. Not only so ; but if a sensory 
nerve, which is in connexion with the ganglion, is irritated, 
the same eflfecHs produced ; moreover, the sensory nerve 
itself need not be excited, but the same result will 
take place, if the organ to which it is distributed is 
stimulated. Thus the nervous system is fundamentally 
a» apparatus by which two separate;^ and it may be dis- 
tant, parts of the body, are brought into relation with 
one another ; and this relation i§ of such a nature, that 
a change of state arising in the one part is followed by 
the propagation of changes’ along the sensory nerve to the 
ganglion, and from the ganglion to the other part ; where, 
if that part happens to be musclS, it j^roduces contraction. 
If one end of a rod of wood, twenty feet long, is applied 
to a sounding-board, the sound of a tujiing-fork held 
ggainst the opposite extremity will be very plainly heard. 
Nothing can be seen to happen in the wood, and yet 
its molecule^ are certainly set vibrating, at the same 
rate as the tuning-fork vibrates ; and when, after 
travelling rapidly along the wood, these vibrations 
affect the sounding-lboard, they give rise to vibrations 
of the molecules of the air, which reaching the ear, are 
converted info an audible note. So* in the nerve tract : 
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no apparent chang^ is effected in it by the irritation at 
one end; but the rate at which the molecular dliange 
produced travels can be measured ; and; when ih reacts 
the muscle, its effect becomes visible in the change of 
form of the muscle. The molecular change would taka 
place just as much if there were no muscle connected 
with the nerve, but it would be no more apparent to 
ordinary observation than the sound of t]je tuning-fork 
is audible in the absence of the sounding-board. » 

If the nervous system were a mere bundle of nerve 
fibres extending between sensory organs and muscles, 
every muscular contraction would require the stimulatfoh 
of that special point of the surface on which the appro- 
priate sensory nerve ended. The contraction of several 

muscles al the same time, that is, the combination of 

« 

movements towards one end, would be possible onl}^ if the 
appropriate nei;ves were severally stimulated in the proper 
or&er, and every movement w^ould be the direct result of 'fex- 
ternal changes. The organism would be like a piano, wdiich 
may be made to give out the most complicated harmonies, 
but is Sependent for their prod\i^tion on the depression' 
of a separate key for every note that is sounded. But j,t 
is obvious that the crayfish needs no silch separate 
impulses for the performance of highly complicated 
actions. The simple impression ma.de on the organs of 
sensation in the two examples with which we started, 
gives rise to a train of complicated and'* accurately co- 
ordinated muscular contractions. To carry the analogy 
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of the musical instrument furthei;, strildng a single key 
gives rise, not to a single note, but to a more or less 
elaborate tune ; t as if the hammer struck not a single 
string, 'but pressed down the stop of a musical box. 

It is in the ganglia that we must look for the analogue 
of the- musical box. A single impulse conveyed b/ a 
sensory nerve to a ganglion, may give rise to a single 
muscular con^action, but more commonly it originates a 
series of such, combined to a definite end. 

The effect which results from the propagation of an 
impulse along a nerve fibre to a ganglionic centre, whence 
it is, as it were, reflected along anpther nerve fibre to a 
muscle, is what is termed a reflex action. As it is by no 
means necessary tliat sensationishould be a concomitant 
of the first impulse, it is better to term the nerve fibre 
which carries it afferent rather than sensory ; and, as 
other phenomena besides those of molar motion may be 
the* ultimate result of the reflex action, it is better to 
term the nerve fibre wliich transmits the reflected im- 
pulse efferent rather than motor. 

If the nervous commissures between the last tnoracic 
and the first abdominal gan^ia are cut, or if the thoracic 
ganglia are destro3’^ed, the crayfish is no longer able to 
control the movements of the abdomen. If the forepart 
of the body is irritated, for example, the animal makes 
no effort to escape by swimming backwards. Never- 
theless, the abdomen is not paralysed, for, if it be irri- 
tated, it win flap vigorously. Tlii& is a case of pure 
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reflex action. The stvnulus is conveyed to the abdo- 
minal ganglia through afferent nerves, and is reflected 
from them, by efferent nerves, to the abdominal i,nuscles , 

But this is not all. Under these circumstances it will 
be seen that the abdominal limbs all swing backvrards 
and forwards, simultaneously, with an even stroke; while 
the vent opens and shuts with a regular rhythm. Of 
course, these movements imply correspondingly regular 
alternate contractions and relaxations of certain seta of 
muscles; and these, again, imply regularly recurring 
efferent impulses from the abdominal ganglia. The fact 
that these impulses pjoceed from the abdominal gangllaj 
may be shown in two w^aj’s : first, by destrojdng these 
ganglia in one somite after another, when the move- 
ments in efach somite at once permanently cease ; and, 
secondl}^ by irritating the surface of the abdomen, w^hen 
the movements are temporarily inhibited by tlie stimula- 
tiosi of the aflerent nerves.* Wliether these movements are 
liroperly reflex, that is, arise from incessant new afferent 
impulses of unknpwn origin, or whether they depend on tlie 
lierioditfal accumulation and dischai^e of nervous energ}" in 
the ganglia themselves, or uppn periodical exhaustion and 
restoration of the irritability of the muscles. Lb unknown. 
It is sufficient for the present purpose to use the facts as 
evidence of the peculiar co-ordinative function of ganglia. 

The crayfish, as we have seen, avoids light; and the 
slightest touch of one of its antemije gives ^ rise to active 
motions of the whole' body. In /act, the animars posi- 
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tion and movements are largely^ determined by the in- 
fluenoes received through the feelers and tlie eyes. These 
^receive ^ their nerves from the cerebral ganglia ; and, as 
might *^be expected, when these ganglia are extirpated, 
the crayfish exhibits no tendency to get away from the 
light," and the feelers may not only be touched, but 
sharply pinched, without eflect. Clearly, therefore, the 
cerebral ganglia serve as a ganglionic centre, by which 
thoj afferent impulses derived from the feelers and the 
eyes are transmuted into effereiit impulses. Another 
very curious result follows upon the extirpation of the 
cerebral ganglia. If an uninjured craj^fish is placed upon 
its back, it makes unceasing' and well-directed efforts to 
turn over; and if everythingo else fails, it will give a 
powerful flap with the abdomen, and trust to ‘ihe chapter 
of accidents to turn over as it daris back. But the 
brainless crayfish behaves in a very different way. Its 
limbs are in incessant motion, but thx^y are ‘‘ all abroad ; ** 
and if it turns oyer on one side, it does not seem able 
to steady itself, but rolls on to its back^again. 

If anything is put between the chelae of an uiiinjured 
crayfish, while on its back^^^it either rejects the object at 
once, or tries to make use of it for leverage to turn over. 
In the brainless crayfish a similar operation gives rise to 
a very curious spectacle.* If the object, whatever it be 

* My attention was first drawn to these phenomena by my friend 
Br. M. Foster, F.B.S., to whom I had suggested the desirableness of 
an experimental study of the nerve physiology of the crayfish. 
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—a bit of metal^ or wood, or paper, or one of the ani- 
maVs own antennje — ^is placed between the chels^ of the 
forceps, it is at once seized by them,’ and carvied hsoh- 
wards ; the chelate ambulatory limbs are at the same 
time advanced, the object seized is transferred to them, 
and they at once tuck it between the external maxilli- 
pedes, which, with the other jaws, begin vigorously to 
masticate it. Sometimes the morsel ->is swallowed; 
sometimes it passes out between the anterior jaws? as il 
deglutition were difficult. It is very singular to observe 
that, if the morsel which is being conveyed to the mouth 
by one of the forceps is pulled back, the forceps and'* die 
chelate ambulatory limbs of the other side are at once 
brought forward to secure it. The movements of the 
limbs afe, in short, adjusted to meet the increased 
resistance. 

All these phenomena cease at once, if the thoracic 
glinglia are destroyed. It is in these, therefore, thatf the 
simple stimulus set up by the contact of a body with, for 
example, one of the forceps, is translated into all the sur- 
prisiiJ^ly complex and accurately^ffo-ordinated movements, 
which have been described. Thus the nervous systqn 
of the crayfish may be regai'ded as a s3’^steli of co-ordi- 
nating mechanisms, each of which produces a cei-tain 
action, or set of actions, on the receipt of an appropriate 
stimulus. 

When the crayfish comes into the woi4d, it possesses 
in its neuro-muscular apparatus certain innate poten- 
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tialities of action, and will exliiJbit t^je corresponding 
acts, under the influence of the appropriate stimuli. 
A^J^rge proportion of these stimuli come from without 
through^ the organs of the senses. The greater or less 
readiness of each sense organ to receive impulses, of 
the ner\'es to transmit them, and of the ganglia to 
give rise to combined impulses, is dependent at any 
moment upon ^he physical condition of these parts ; and 
this,^ again, is largely modified by the amount and the 
condition of tiie blood supplied. On the other hand, a 
certain number of these stimuli are doubtless originated 
bj^ ichanges within the various organjj which compose the 
body, including the nerve centres themselves. 

When an action arises from conditions developed in 
the interior of an animal’s body, inasmuch as we cannot 
perceive the antecedent phenomena, we call such an 
action “ spontaneous ; ” or, when .in ouyselves we are 
awire that it is accompanied by the idea of the action, 
and the desire to perform it, we term the act volun- 
tary.” But, by the use of this language, no rational 
person intends to express the belief that such acts are 
i^acaused or cause themselves. Self-causation is a 
contradiction in terms ; and the notion that any pheno- 
menon comes into existence without a cause, is equivalent 
to a belief in chance, which one may hope is, by this 
time, finally exploded. 

In the crayfish, at any rate, there is not the slightest 
reason to doubt that eveiy action has its definite physical 
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cause, and that what it. does at any moment would be 
as clearly intelligible, if we only knew all the irftemal 
and external conditions of the case, as the striking 
clock is to any one who understands clockwork. * 

The adjustment of the body to varying external con- 
ditions, which is one of the chief results of the working 
of the nervous mechanism, would be far If ss important 
from a physiological point of view than it is, if dlnly 
those external bodies *which come into direct contact 
with the 'organism * could affect it ; though very delicate 
influences of this kindjbake effect on the nervous apparatliS 
through the integument. 

It is probable that th% setce, or hairs, which are so 
generally scattered over the body and the appendages, 
are delicate tactile organs. They are hollow processes of 
the chitinous cuticle, and their cavities are continuous 
with narrow canals, whidh traverse the whole thick- 
ness of the cuticle, and are filled by .a prolongation of 
the subjacent p];pper integument. As this is supplied 
with ndCves, it is likely that fine ^flerve fibres reach the 
bases of the hairs, and are |ffected by anything whict:^ 
stirs these delicately poised levers. • 

* It may be said that, strictly speaking, only those external bodies 
which ore in direct contact with the organism do affect it — as the 
vibrating ether, in the case of luminous bodies* the vibrating air or 
water, in the case of sonorous bodies ; odorous particles, in the case of 
odorous bodies : but I have preferred the ordinaiy plixaseology to a 
pedantically atcurate periplrasis. 

I 
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There is much reason to beliave thfii odorous bodies 
aflfect crayfish ; but it is very difficult to obtain experi- 
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Fia. 26. — Agtaciis the right antennule seen^rom the 

inner side ( x 5) ; B, a portion of the exopodite enlarged ; olfactory 
appendage of ^e eaopodite ; front view ; ft, side view ( x 300) ; 
0 »olfaotof^appendages ; auditory sac, supposed to be seen through 

the wall of the basal joint of the antennule ; sctss ; en^ endopo- 
dite ; ex, ezopodite ; sp. spine of the basal joint 
• 

mental evidence of the fact. However, there is a good 
deal of analogical ground for the supposition that some 
peculiar structures, which are endently of a sensory 
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nature, developed the under side of the outer branch 
of the antennule, play the part of an olfactory apparatus. 

Both the outer (fig. 26 ex) anh the inner (e:^ 
branches of the antennule are made up of a number of 
delicate ring-like segments, which bear fine setae .(&)*of 
the ordinary character. 

The inner branch, which is the shorter of the two, pos- 
sesses only these setae ; but the under surfice of each of 
the joints of the outer branch, from about the seventR or 
eighth to^ the last but one, is provided with ^ two bundles 
of very curious appendages (fig. 27, A, B, C, a), oge in 
front and one behind. These are rather more than 
l-200th of an inch long, very delicate, and shaped like a 
spatula, with a rounded handle and a flattened somewhat 
curved bla&e, the end of which is sometimes truncated, 
sometimes has the form of a prominent papilla. There 
is a sort of joint between the handle and the blade, such 
as*is found between the basal and the terminal parts t)f 
the ordinary sete, with which, in fact, these processes 
entirely correspond in their essential structure. A soft 
granular tissue fills the interior, of each of these pro- 
blematical structures, to which Leydig, their discoverer,* 
ascribes an olfactory function. • 

It is probable that the crayfish possesses something 
analogous to taste, and a very likely ^eat for tlie organ 
of this function is in the upper lip and the inetastoma ; 
but if the organ exists it possesses no structural pecu- 
liarities by which it can be identified. 

• 1 2 
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There is no doubt, however, as to th^ special recipients 
of sonorous and luminous vibrations; and these are of 
^liarticular importance, a^ they enable the nervous ma* 
chinery to be affected by bodies indefinite remote 
from it, and to change the place of the organism in 
relation to such bodies. 

Sonorous ^brations are enabled to act as the stimulants 
of & special nerve (fig. 25, a'n) connected with the brain, 
by means of the very curious auditory sacs (fig. 26, A, av) 
which are lodged in the basal joints of the antennules. 

Each of these j oints is trihedral, the outer face being con- 
vex ; the inner, applied to its fellow, flat ; and the upper, 
on which the eyestalk rests, concave. On this upper face 
there is a narrow elongated oval aperture, the outer lip of 
which is beset with a flat brush of long close-set setae, 
which lie horizontally over the aperture, and effectually 
close it. The aperture leads into a small sac {au) with 
delicate walls formed by a chitinous continuation of the 
general cuticula. The inferior and posterior wall of the 
sac is raised up along a curved line into a ridge which 
projects into its interior (figi 27, A, r). Each side of this 
ridge is bfeset with a series of delicate setae (as), the 
longest of which measures about of an inch ; they 
thus form a longitudinal band bent upon itself. These 
auditory seta project into the fluid contents df the sac, 
and their a]^ces are for the most part imbedded in a 
gelatinous mass, whicbucontains irregular particles of sand 
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and sometimes of other foreign matter. A nerve {n n',) is 
distributed to the sac, and its fibres enter the bases oi 
the hairs, and may be traced to their apices, wh^re thej 
end in peculiar elongated rod-like bodies (fig. 57, C), 
Here is an auditory organ of the simplest descripti^. 




Fig. 27. — Astaou9 fluviatihs. A, the auditory sac detached and seen 
from the outside ( x 16) ; B, auditory hair ( x 100) ; C, the distal e^ 
tremity of the same more highly magnifie(£ a, apert^e of sac ; as, 
auditory V sets ; h, its inner or posterior extremity ; n n\ nerves ; 
r, ridga 

It retains, in fact, throughout life, th^ condition of a 
simple sac or involution of the integumeht, such as is 
that of the vertebrate* ear in its earliest stage. 
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The sonorous vibrations trg,nsmitted through the 
water in which the crayfish lives to the fluid and solid 
^ntent^ of the auditory sac are taken up by the delicate 
hairs bf the ridge, and give rise to molecular changes 
Tjrhich traverse the auditory nerves and reach the cerebral 
ganglia. 

The vibraij.ons of the luminiferous ether are brought 
to bear upon the free ends of two large bundles of nerve 
fibres, termed the optic nerves (fig*. 25, on), which proceed 
directly from the brain, by means of a highly complex e^e. 
This is an apparatus, which, in part, sorts out the rays of 
light into as many very small pencils as there are separate 
endings of the fibres of the qptic nerve, and, in part, 
serves as the medium by which the luminous vibrations 
are converted into molecular nerve changes. 

The free extremity of the eyestaJk presents a convex, 
saft, and transparent surface, limited by an oval contovir. 
The cuticle in this region, which is termed the cornea^ 
(fig. 28, a), is, in fact, somewhat thinger and less dis- 
tinctly laminated thax in the rest of the eyestallf, and it 
contains no calcareous master. But it is directly con- 
tinuous wi^ the re^t of the exoskeleton of the eyestallc, 
to which it stands in somewhat the same relation as the 
soft integument of an articulation does to the adjacent 
hard parts. 

The comee is divided into a great number of minute, 
usually square facets, by; faint lines, Which cross iifrom side 
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to side nearly at right qpgles with one another. A longi- 
tudinal section shows that both the horizontal smd the 
vertical contours of the cornea are very nearly.semic^- 
cular, and that the lines which mark off the facets merely 
arise £:om a slight modification of its substance betT^gfin 
the facets. The outer contour of each facet forms part 



Fig. 28 . — Astamis fvviatiljis. — ^A, a vettical section of the eye-sfcaJk 
( X S) ; B, a small portion of«the same^ showing the visual a]|^ 
paratuB more highly magnified ; cornea ; h, outQi dark zone ; c, 
outer white zone ; d, middle dark zone ; c, inner white zone ; 

inner dark zone ; cr^ crystalline cones ; optic ganglion ; 
optic nerve ; striated spindles. 


of the general curvature of the outer face bf the cornea ; 
the inner contour sSmetimes exjiibits a slight deviation 
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from the general curvature of the, inner face, but usually 
nearly' coincides with it. 

^When a longitudinal or a transverse section is taken 
througff the whole eyestalk, the optic nerve (fig. 28, 
A^pp) is seen to traverse its centre. At first narrow 
and cylindrical, it expands towards its extremity into 
a sort of bulb (B, p), the outer surface of which is curved 
in correspondence with the inner surface of the cornea. 
The' terminal half of the bulb contains a great quantity 
of dark colouring matter or pigment, and, in section, 
appears as what may be termed the inner dark zone (/). 
Oiftside this, and in connection wdfh it, follows a white 
line, the inner white zone (e), then comes a middle dark 
zone (d) / outside this an outer pale band, which may 
be called the outer white zone (c), and betweeii this and 
the cornea (a) is another broad band of dark pigment, the 
outer dark zone (6). 

^hen viewed under a lowi^o'iVer, by reflected light, this 
outer dark zone is seen to be traversed by nearly parallel 
straight lines, each of which starts from the boundary 
between two facets, and can be followed inwards tWough 
^he outer white zone to the jniddle dark zone. Thus the 
whole subsinnce of the eye between the outer surface of 
the bulb of the optic nerve and the inner surface of the 
cornea is marked out into as many segments as the 
cornea has facets ; and each segment has the form 
of a wedge dr slender pyramid, the base of which is 
four-sided, and is applied against ^e inner surface of 



THE VISUAL PYRAMIDS. 


121 


one of the facets of the cornea, while its summit lies in 
the middle dark zone. Each of these visual ppramids 
consists of an axial structure,^the visual rod, inyested J;>y 
a sheath. The latter extends inwards from thti margin 
of each facet of the cornea, and contains pigmgjLin 
two regions of its length, the intermediate space being 
devoid of pigment. As the position of the pigmented 
regions in relation to the length of the pyiiamid is always 
the same, the pigmented regions necessarily take thetform 
of two consecutive zones when the pyramids are in their 
natural position. 

The visual rod ponsists of two parts, an exteftml 
crystalline cone (fig. 28, B,* cr), and an internal striated 
spindle (sp). The crystalline cone consists of a trans- 
parent gfessy-looking substance, which may be made to 
split up longitudinally into four segments. Its inner end 
narrows into a filament which traverses the outer white 
zone, and, in the middle '^dark zone, thickens into a four- 
sided spindle-shaped transparent bpdy, which appears 
transversely striated. The inner end of this striated 
spindltf narrows again, and becomes continuous with 
nerve fibres which proceed ^rom the surface of the optic 
bulb. ' 

The exact mode of connection of the nerve-fibres with 
the visual rods is not certainly made out, but it is pro- 
bable that there is direct continuity of substance, and that 
each rod is really the termination of a nerve fibre. 

Eyes having essehtially the s^me structure as that of 
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the crayfish are very widely met. with among Omtacea 
and Imecta, and are commonly known as compound eyes. 
I];i many, of these animals, in fact, when the cornea is re- 
moved, *each facet is found to act as a separate lens ; and 
when proper arrangements are made, as many distinct 
pictures of external objects are found behind it as there 
are facets. Hence the notion suggested itself that each 
visual pyrami^. is a separate eye, similar in principle of 
construction to the human eye, and forming a picture of 
so much of the external world as comes within the range 
of its lens, upon a retina supposed to be spread out on 
thef'surface of the crystalline cone, as the human retina is 
spread over the surface of theVitreous humour. 

But, in the first place, ther€^ is no evidence, nor any 
probability, that there is anything correspoiwiing to a 
retina on the outer face* of the crystalline cone; and 
secondly, if there were, it is incredible that, with such an 
armngement of the refractive* media as exists in the 
cornea and crystalline cones, rays proceeding from points 
in the external world should be brought t^ a focus in cor- 
respondingly related points of the surface of the suf^posed 
retina. But without this noj)icture could be formed, and 
no distinct ^ision cohld take place. It is very probable, 
therefore, that the visual pyramids do not play the part 
of the simple eyes of the Vertebrata, and the only alterna- 
tive appears to be ^the adoption of a modification of the 
theory of mosaic vision, propounded many years by 
Johannes Muller. 
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Each visual p^'ramicl, isolated from its fellows by its coat 
of pigment, may be supposed, in fact, to play the plirt of a 
very narrow straight tube, with blackeiied walls,.one end 
of w’hich is turned towards the external world, \^^ile the 
other incloses the extremity of one of the nerve fibres.^T.he 
only light which can reach the latter, under these cii’cum- 
stances, is such as proceeds from points which lie in the 



Fig. 29. — Diagranf showing the course of rays of light from three 
poiflts X, y, z, through the nine visufll rods (supposed to be empty 
tubes) A — I of a compound eye ; d^y the nerve fibres connected 
with the visual rods. * J 

direction of a straight line represented by the produced 
axis of the tubes. 

Suppose A — I to be nine such tubes, a — i the corre- 
sponding nerve fibres, and x y z three poifits from which 
light proceeds. Then it will be obvious that the only light 
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from X wliicli will excite sensation, will be the ray which 
traverses b and reaches the nerve-fibre b, while that from 
2/jvill affect only c, and that from x only h. The result, 
translated into sensation, will be three points of light on a 
dsLrJk p'ound, each of which answers to one of the luminous 
points, and indicates its direction in reference to the eye 
and its angular distance from the other two.* 

The only ir edification needed in the original form of 
the theory of mosaic vision, is the supposition that part, 
or the whole, of the visual rod, is not merely a passive 
transmitter of light to the nerve-fibre, but is, itself, in 
sotneway concerned in transmuting the mode of motion, 
light, into that other mode of motion which we call 
nervous energy. The visual rad is, in fact, to be re- 
garded as the physiological end of the nervei; and the 
instrument by which the conversion of the one form of 
motion into the other takes place ; just as the auditory 
haks are instruments by which the sonorous waves afe 
converted into molecular movements of the substance of 
the auditory nerves. 

It is wonderfully intlBresting to observe that, wh^n the 
so-called compound eye is ^interpreted in this manner, 

* Since the Visual rods are strongly refracting solids, and not empty 
tubes, the diagram given in fig. 29 does not represent the true course of 
the rays, indicated by dotted lines, which fall obliquely on any cornea 
of a crayfish's eye. Such rays will be more or less bent towards the 
axis of the visual rod of that cornea ; but whether they reach its apex 
and so affect the n^^e or not wiU depend on the curvature of the cornea ; 
its refractive index and that of the crystalline cone ; and the xelatioa 
between the length and the thickness of the latter. 
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the apparent wide difilgrence between it and the verte- 
brate eye gives place to a fundamental resemblance.^ The 
rods and cones of the retina of the vertebrate eye are 
extraordinarily similar in their form and their relations 
to the fibres of the optic nerve, to the visual rods of 
arthropod eye. And the morphological discrepancy^ 
which is at first so striking, and which arises from the 
fact that the free ends of the visual rocis are turned 
towards the light, while those of the rods and c,-5nes 
of the vertebrate eye are turned from it, becomes a confir- 
mation of the parallel between the two when the develop- 
ment of tlie vertebrate eye is taken into account. iFoif *it 
is demonstrable that the deep surface of the retina in 
which the rods and conesjie, is really a part of the outer 
surface of®the body turned inwards, in the com’se of the 
singular developmental changes which give rise to the 
brain and the of vertebrate animals. 

» o 

Thus the crayfish has, at any ratCj two of the higher 
sense organs, tl^ ear and the eye, which we possess our- 
selves f and it may seem a superfluous, not to say a 
frivolous, question) if any oi^e should ask whether it can 
hear and see. ^ 

But, in truth, the inquiry, if properly limited, is a very 
pertinent one. That the crayfish is led by the use of its 
eyes and ears to approach some objecis and avoid others, 
is beyond all doubt ; and, in this sense, -most indubit- 
ably it can both tear and see. But if the question 
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means, do luminous vibrations give it the sensations of 
light and darkness, of colour and form and distance, v^rhich 
they give to us ? 'and do sonorous vibrations produce the 
feeling^' of noise and tone, of melody and of harmony, as 
in us ? — it is by no means to be answered hastily, perhaps 
cannot be answered at all, except in a tentative, probable 
way. 

The phenomena to which we give the names of sound 
and colour are not physical things, but are states of con- 
sciousness, dependent, there is every reason to believe, 
on tlie functional activity of certain jparts of our brains. 
Mflo5y and harmony are names for states of conscious- 
pess which arise when at least two sensations of sound 
have been produced. All these are manufactured arti- 
cles, products of the human brain; and it‘ would be 
exceedingly hazardous to’' affirm that organs capable of 
giving rise to the same products exist in the vastly 
simpler nervous system of the crustacean. It would bu 
the height of absurdity to expect from a meat-jack the 
sbrt of work which is performed by a Jacquard loom ; and 
it appears to me to be little less i)reposterous to iSok for 
the production of anything p,nalogous to the morecsubtle 
phenomena <of the human mind in something so minute 
and mde in comparison to the human brain, as the 
insignificant cerebral ganglia of the crayfish. 

At the most, one may be justified in supposing the 
existence of something approaching dull feeling in our- 
selves ; and, to return to, the probleni stated in the begin- 
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ning of this chapter, so.far as such obscure consciousness 
accompanies the molecular changes of its nervous sub- 
stance, it will be right to spea^of the nrind of a orayfish- 
But it will be obvious that it is merely putting the cart 
before the horse, to speak of such a mind as a factnr 
ill the work done by the organism, when it is merely a 
dim symbol of a part of such work in the doing. 

Whether the crayfish possesses consciousness or not, 
however, does not affect the question of its beings an 
engine, the actions of which at any moment depend, on 
the one hand, upon the series of molecular changes excited, 
either by internal or . by external causes, in its neu?(y- 
muscular machiner^^ ; and, on the other, upon the dispo-« 
sition and the properties #f tlie parts of that machinery. 
And such® a self-adjusting machine, containing the im- 
mediate conditions of its action within itself, is what is 
properly unders^tood by an automaton. 

Crayfishes, as we have seen, may attain a considerable 
age ; and there is no means of knowing how long they 
might five, if protected from the iflnumerable destructive 
influences to which they are si all ages liable. ^ 

It is a widely received notion that tte energies of living 
matter have a natural tendency to decline, and finally 
disappear ; and that the death of the body, as a whole, 
is the necessary correlate of its life. That all living 
things sooner or later perish needs no dfemonstration, 
but it would be difficult to fli\d satisfactory grounds 
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for the belief that they must needs do so. The analogy of 
a madhine that, sooner or later, must be brought to a 
standstill by th^ wear apd tear of its parts, does not 
hold, i&asmuch as the animal mechanism is continually 
renewed and repaired ; and, though it is true that indi- 
vidual components of the body are constantly dying, yet 
their places are taken by vigorous successors. A city 
remains, notwithstanding the constant death-rate of its 
inhabitants ; and such an organism as a crayfish is only 
a corporate unity, made up of innumerable partially 
independent individualities. 

• ^^latever might be the longevii^ of crayfishes under 
imaginable perfect conditions, the fact that, notwithstand- 
ing the gi*eat number of eggs they produce, their number 
remains pretty much the same in a given tlistrict, if 
we take the average of a period of 3'ears, shows that 
about as many die as are bom ; and tljat, without the 
process of reproduction, the species would soon come to 
an end. « 

There are many examples among members of the group 
of Crustacea to which tlf^ crayfish belongs, of animais which 
produce young from internally developed germs, ass some 
plants throw off bulbs which are capable of reproducing 
the parent stock ; such is the case, for example, with the 
common water flea JDapkma). But nothing of this kind 
has been observed in the crayfish ; in which, as in the 
higher animals, the reproduction of the species is de-* 
pendent upon the combination of* two kinds of living 
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matter, which ar« developed in different individuals, 
termed males ani females. 

These two kinds of living matter are ova and'^jpema- 
tozoa, and they are developed in special organs, the ovary 
and the testis. The ovary is lodged in the female ; ’ the 
testis, in the male. 

The ovary (fig. 30, ov) is a body of a trefoil form, 
which is situated immediately beneath, or in front of, 
the heart, between the floor of the pericardial sinus and 
the alimentary canal. From the ventral face of this 



Fig. 30,^Agta-cM fluviatiHs.—The female ^reproductive orffans ( x 2) ; 
ovy ovary ; od, oviduct ; od\ aperture of oviduct. 

• 

organ two short and wide canals, the oviducts (od), lead 
down to the bases of the second pair of walking limbs, 
and terminate in the apertures {odf^ already noticed 
there. ^ 

The testis (fig. 81, f) is somewhat similar in form to 
the ovary, but, the three divisiohs arQ much narrower 
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and more elongated : the hinder me^an division lies 
nnder'the heart; the anterior divisions are situated 
between "the heart behind^ ^and the stomach and the liver 
in front (figs. 5 and 12, t). From the point at which the 



o 


Pio. Z\,^A8tacv}t fluviatills, — ^The male reproductive organ^t ^ 2) ; 
f , testis ; vd, vas defeifens ; aperture of vos deferens. 

three divisions join, proceed two ducts, which are termed 
the vasa deferentia (fig. 31, vd). These are very narrow, 
long, and make rnty^^y coils before they reach the apertures 
upon the bases of the hindermost pair of walking limbs, by 
which they open externally (fig. 81, vd\ and fig. 85, vd). 
Both the ovary and the testis are veiy much larger 
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during the breeding season than at other times; the large 
brownish-yellow eggs become conspicuous in the ovary. 



Pig. Z2.—Astacv^ fluviatilis. — ^A, a two-thySs grown egg contained in 
its ovjsac ( X 50) ; B, an egg removed from the ovisac ( x 10) ; 
C, a portion of the wall of an ovisac with 4he adjacent i)ortion of 
the contained egg, highly magnified ; cp, epitheliuA of ovisac ; 
gSf germinal spots ; gv, germinal vesicle ; m, membrana propria ; 
V, vilellus ; vm, vitelline membrane ; w, stalk of ovisac. 

•• 

and the testis assumes a milk-white colour, at this 
period. ^ 

The walls of the ovary are lined internally by a layer of 

K r 
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nucleated cells, separated from the cavity of the organ by 
a deli6ate structureless membrane. The growth of these 
cells gives rise to papillary elevations which project into 
the canty of the ovarj^ and eventually become globular 




Fio. 33.— A,a lobule of the testis, showing a, acini, 
springing from the ultimate termination of a duct ( 50). B, 

spermatic cells ; a, with ,fui ordinary globular nucleus n ; 5, with a 
spindle-shaped nucleus ; c, w^th two similar nuclei ; and with 

^ a nucleus undergoing division ( x GOO), 
a 


bodies attached by short stalks, and invested by the struc- 
tureless membrane, as a memhrana propria (fig- 32, m)c 
These are the ovisacs. In the mass of cells which be- 
comes the ovisac, one rapidly increases in size and 
occupies the centre ef the ovisac, while the others 
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surround it as a ^eriph^ral coat {ep.). This central cell 
is the ovum. Its nucleus enlarges, and becomes T^at is 
called the germinal vesicle (g^v,). At the same time 
numerous small corpuscles, flattened externally and 
convex internally, appear in it and are the germinal 
spots (g*s.). The protoplasm of the cell, as it enlarges, 
becomes granular and opaque, assumes a deep brownish- 
yellow colour, and is thus converted intS the yelk or 
vitellus (v,). As the egg grows, a structureless vitdline 
membrane is formed between the vitellus ^d the cells 
which line the ovisac, and incloses the egg, as in a 
bag. Finally, the qyisac bursts, and the egg, falling 
into the cavity of the ovary, makes its way down the 
oviduct, and sooner or later passes out by its aperture. 
When they leave the oviduct, the ova are invested by 
a viscous, transparent substance, which attaches them 
to the swimmg:ets of the female, and then sets ; thus 
each egg, inclosed in a tbugh case, is firmly suspendSd 
by a stalk, which, on the one side, is continued into the 
substance of the# case, while, on the other, it is fixed to 
the swimmeret. The swimmeretglare kept constantly in 
motion/ so that the eggs ar^well supplied with acratet^ 
water. • 

The testis consists of an immense number of minute 
spheroidal vesicles (fig. 83, A, a), attached like grapes to 
the ends of short stalks (6), formed by the ultimate 
ramifications of the vasa deferentia. The Vesicles may, 
in fact, be regarded aS dilatations^of the ends and sides 
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of the finest branches of the ducts of the testis. The 
cavity of each vesicle is filled by the large nucleated cells 
which line its walls (fig. 83^ B), an^ as the breeding 
season approaches, these cells multiply by division. 
Finally, they undergo some very singular changes of 
form and internal structure (fig. 34, A — D), each becom- 
ing converted into a flattened spheroidal body, about 
-p^^jj^th of an inch in diameter, provided with a number 
of slender curved rays, which stand out from its ^ides 
(fig. 84, E — G). These are the spermatozoa. 

The spermatozoa accumulate in the testifiular vesicles, 
and give rise to a milky-looking substance, which trarvef ^es 
the smaller ducts, and eventually fills the vasa deferentia. 
This substance, however, consists, in addition to the 
spermatozoa, of a viscid material, secreted by the walls 
of the vasa deferentia, which aivelopes the spermatozoa, 
and gives the secretion of the testis the form and the 
^consistency of*threads of .vermicelli. ^ 

The ripening and detachment of both the ova and 
the spermatozoa take place immediately after the com- 
pletion of ecdysis in the early, autumn ; and at this 
time, ^ which is the breeding feeason, the males seek 
the females with great aviSity, in order to^ deposit tile 
fertilizing matter contained in the vasa deferentia on the 
sterna of their hinder thoracic and anterior abdominal 
somites. There it adheres as a wWtish, chalky-looking 
mass ; but the manner in which the coniained sperma- 
tozoa reach and enter the ova is unknown. The analogy 
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of what occurs in other animals, however, leaves no doubt 
that actual mixture of the male^and female ele> 
ments takes place and constitutes the essential part of 
the proaess of impregnation. 

Ova to which spermatozoa have had no access, 
give rise to no progeny ; but, in the impregnated ovum, 
the young crayfish takes its origin in a manner to be 
described belyw, when the question of development is 
dealt^ with. 



CHAPTEE IV. 

THE MOHPHOLOGT OF THE COMMON CRAYFISH: THE STRUC- 
TURE AND THE DEVELOPMENT OF THE {nDIVIDUAL. 

In the two preceding chapters the crayfish has been 
studied ^rom the point of view of the physiologist, who, 
regarding an animal as a mechanism, endeavours ta 
cover how it does thatVhich*it does. And, practically, this 
way of looking at the matter is the same as that of the 
teleologist^ For, if all that we know concerning the pur- 
pose of a mechanism is derived from observation of the 
manner in which it acts, it is all one, whether we say 
.^hat the proiJerties and, the connexions of its pa^s 
account for its actions, or that its structure is adapted 
to the performance of tliose actions. 

Hence it necessarily follows thjj,t physiological pheno- 
mena can be expressed in thef language of teleology. 
On the assumption that tfie presenvation of the indi* 
vidual, and the continuance of the species, are the 
final causes of the organization of an animal, the exist- 
ence of that organization is, in a certain sense, explained, 
when it is shown that it is fitted for the. attainment of 
those ends ; although, perhaps, the importance of de- 
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monstrating the proposition that a thing is fitted to do 
that \jhich it does, is not very great. • 

But whatever , may be the value of teleological ex- 
planations, there is a large series of facts, which have as 
yet been passed over, or touched only incidentally, of 
which they take no account. These constitute the sub- 
ject matter of Morphology ^ which is related to physiology 
much as, in^ the not-living world, crj^stallography is 
related to the study of the chemical and physical pro- 
perties of minerals. 

Carbonate of lime, for example, is a definite compound 
c/fcafcium, carbon, and oxygen, and it has a great variety 
of physical and chemical properties. But it may be 
studied under another aspect, as a substance capable of 
assuming crystalline forms, which, though extijaordinarily 
various, may all be reduced to certain geometrical types. 
It is the business of the crystallographer to work out 
the relations of these forms ; a®d, in so doing, he takes up 
note of the other properties of carbonate of lime. 

In like manner, the morphologist directs his attention 
to the relations of fo^’ni between different part^of the 

same animal, and between different animals; and these 

% • 

^•elations would be unchanged if animals were mere 
dead matter, devoid of all physiological properties — a 
kind of mineral capable of a peculiar mode of growth. 

A familiar exemplification of the difference between 
teleology anct morphology may be found in such works 
of human art as houses. • 
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A house is certainl}^ to a great extent, an illustration 
of adaptation to*’ purpose, and its structure is, Jio tliat 
extent, explicable by teleolo^cal reasonings, yhe roof 
and the walls are intended to keep out the weather; the 
foundation is meant to afford support and to exclude 
damp; one room is contrived for the purpose of a 
kitchen; another for that of a coal-cellar; a third for 
that of a dining-room ; others are construfited to serve as 
sleeping rooms, and so on ; doors, chimneys, windows, 
drains, are all more or less elaborate contrivances directed 
towards^ one end, the comfort and health oi the dwellers 
in the house. What^s sometimes called sanitary ai^hltec- 
ture, now-a-days, is based*upon considerations of house 
teleology. But though ^11 houses are, to begin with and 
essentially, means adapted to the ends of shelter and 
comfort, they may be, and too* often are, dealt with from 
a point of view, in which adaptation to purpose is largely 
■disregarded, and the chief attention of the architeot is 
given to the form of the house. A house may be built in 
the Gothic, th^ Italian, or the Queen Anne style ; and a 
houseful any one of these styles^ of architecture may be 
just as convenient or inconvenient, just as well or as ill 
adapted to the wants of the residdht ther^n, as any of 
the others. Yet the three are exceedingly different. 

To apply all this to the crayfish. It is, in a sense 
a house with a great variety of rooms and offices, in 
which the work of the indwelling life in feeding, breath- 
ing, moving, and reproducing itself, is done. But the 
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same may be said of the crayfish’s neighbours, the perch 
and the water-snail ; and they do all these things neither 
better UcOr worse,- in relation to the conditions of their 
existenf?e, than the crayfish does. Yet the most cursory 
inspection is sufficient to show that the “ styles of archi- 
tecture ” of the three are even more widely different than 
are those of the Gothic, Italian, and Queen Anne houses. 

That which Architecture, as an art conversant with 
pure^ form, is to buildings, Morphology, as a science 
conversant with pure form, is to animals and plants. 
And we may now proceed to occupy ourselves exclusively 
witJi fhe morphological aspect of thf crayfish. 

As I have already mentioned, when dealing with the 
physiology of the crayfish, the entire body of tHe animal, 
when reduced to its simplest morphological expression, 
may be represented as a cylinder, closed a|. each end, ex- 
cept so far as it is perforated' by the alimentary aper-*"* 
tures (fig. 6) ; or -v^e may say that it is a tube, inclosing 
another tube, the edges of the two being continuous at 
their extremities. The outer tube has a chitinous outer 
coat or cuticle, which is continued on to the inner face 
of the innej tube. ‘ Neglecting this for the present, the 
outermost part of the wall of the outer tube, which 
answers to the epidermis of the higher animals, and the 
innermost part of the wall of the inner tube, which is 
an epithelium^ *^are formed by a layer of nucleated cells. 
A continuous layer of cells, therefcfre, is everywhere to 
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be found on both the ejiternal and the internal free sur- 
faces of the body. So far as these cells belong *to the 
proper external wall of the body, they constitute the 
ectoderm, and so far as they belong to its proper Jntemal 
wall, they compose the endoderm. Between these two 
layers of nucleated cells lie all the otlier parts of the 
body, composed of connective tissue, muscles, vessels, 
and nerves ; and all these (with the exception of the 
ganglionic chain, which we shall see properly belongs to 
the ectoderm) may be regarded as a single thick stratum, 
which, a5 it lies between the ectoderm and the endoderm, 
is called the mesoderm. * 

If the intestine were dosed posteriorly instead of 
opening by the vent, the^ crajrfish would virtually be an 
elongated «ac, with one opening, the mouth, affording an 
entrance into the alimentary ‘cavity : and, round this 
cavity, the three layers just referred to — endoderm, 
■«iesoderm, and ectoderm — would be disposed concen- 
trically. 

We tave seen that the body of 'the crayfish thus com- 
posed .is obviously separabje into three regions — the 
cephahn or head, the thorax, and The ahd^nen. The 
latter is at once distinguished by the size and the 
mobility of its segments : while the thoracic region is 
marked off fi:om that of the head, outwardly, only by the 
cervical groove. But, when the carapacfe is removed, 
the lateral depression already mentioned, in which the-' 
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scaphognathite lies, clearly indicates the natural boundary 
betweeii the head and the thorax. It has further been 
observed that there are, .in all, twenty pairs of ap- 
pendage, the six hindermost of which are attached to 
the abdomen. If the other fourteen pairs are carefully 
removed, it will be found that the six anterior belong to 
the head, and the eight i^osterior to the thorax. 

The abdomLial region may now be studied in further 
detaii. Each of its seven movable segments, except the 
telson, represents a sort of morphological unit, the repe- 
' tition of which makes up the whole fabric of the body. 

If the abdomen is divided tranrversely between the 



AtXDL 


Fio. 36. — Antacm flnviatilis.^A. transverse section through the nine- 
teenth (fifth abdominal) somite ( x 2). c.m.^ extensor muscles ; f.m., 
flexor muscles ; gn. 12^ the fifth abdominal ganglion ; lh.g,^ hind-gut ; 
ija.a.y inferior ‘Tabdominol artery ; s.a.a^ superior abdominal artery ; 

XIXy pleura of the somite ; 9f, XIX sternum ; t, XIX, its 
tergum ; c^. XIX, its epicLera ; 19, its appendages. 
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fourth and fifth, aqd the*fifth and sixth segments, the fifth 
will be isolated, and can be studied apart. It consfitiites 
what is called a metamere ; in which are ^distinguishable a 
central part tenned the somite, and two aj^pendagcs 
(fig. 36). 

In the exoskeleton of the somites of the abdomen 
several regions have already been distinguished; and 
although they constitute one continuous ^diole, it will 
be convenient to speak of the sternum (fig. 36, st. XIX), 
the tergum (L XIX), and, the pleura (pL XI^), as if they 
were separate parts, and to distinguish that portion of 
the sternal region, witich lies between the articulation 
of the appendage and the pleuron, on each side, as the 
epimeron (ep. XIX). Adopting this nomenclature, it may 
be said o^ the fifth somite of the abdomen, that it 
consists of a segment of the exoskeleton, divisible into 
tergum, pleuraii epimera, and sternum, with which two 
^Sjipendages are articulated; that it contains a double 
ganglion (gn. 12), a section of the flexor (fm) and extensor 
{eni) nyiscles, afid of the alimentary {)ig) and vascular 
{s.a.a, La.a) systems. , 

The* appendage (fig. 36, IB), which is attached to an , 
articular cavity situated between the sterni*m and the 
epimeron, is seen to consist of a stalk or stem, which is 
made up of a very short basal joint, thg coxopodite (fig. 87, 
D and E, cx.p), followed by a long cylindrical second 
joint, the basipodite {h.p), and receives the "^name of pro'^ 
iopodite. At its free end, it bears two flattened narrow 



Fig. «37. — Ast^cus Jliiviatilis . — Appendages of the left side of the abdo- 
men ( X 3). A, the posterior face of the first appendage of the male ; 
B, the same of the f^ale ; 0, posterior, and C', anterior faces of the 
second appendage of the male ; D, the third appendage of the male ; 
E, the same the female ; F, the sixth appendage, the rolled 
plate of the endopodits : the jointed extremity of the same ; 
basipoGLite $ cx.p.y coxopocQte ; €n.p,^ endopodite ; exp,^ exopodite* 
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plates, of which one is attached to the inner side of the 
extremity of the protopodite, and is called the eiidojpodite 
(ew.p), while the other is fixed ^ little Higher up* to the 
outer side of that extremity, and is the exopodite\ex.p). 
The exopodite is shorter than the endopodite. The 
endopodite is broad and is undivided for about half its 
length, from the attached end ; the other half is narrower 
and is divided into a number of small segiflents, which, 
how'ever, are not united by definite articulations, but are 
merely marked off from one another by slight constric- 
tions of the exoskeleton. The exopodite has a similar 
structure, but its undivided portion is shorter and nar- 
rower. The edges of both the exoiiodite and the endo- 
podite are fringed with lon^setse. 

In the fefnale crayfish, the appendages of this and of 
the fourth and third somites are larger than in the male 
(compare D and,E, fig. 37)- 

""-^'’he fourth and fifth soihites, with their appendages* 
may be described in the same terms as the third, and 
in the sixth theie is no difficulty in recognising the 
corresponding parts of the somite;* but the appendages 
(fig. Q7,*F), which constitute the lateral portions of 
the caudal fin, at first sight appear very diffeJtent. In 
their size, no less than in their appearance, they depart 
widely from the appendages of the pj;eceding somites. 
Nevertheless, each will be found to consist of a basal 
stalk, answering to the protopodite {ex.p), which ^how- 
ever is very broad and fliick, and i% not divided into two 
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joints ; and of two terminal oval plates, which represent 
the endopodite (en.p) and the exopodite {ex.p). The 
latter is divided by a transverse suture into two pieces ; 
and the edge of the larger or basal moiety is beset with 
short spines, of which two, at the outer end of the series, 
are larger than the rest. 

The second somite is longer than the first (fig. 1) ; it 
has ver}^ hro^d pleura, while those of the first somite are 
small and liidden by the overlapping front margins of the 
pleura of the second somite. 

^ Ip the female, the appendages of the second somite of 
the abdomen are similar to those of the third, fourth, and 
fifth somites ; but in those of the first somite (fig. 37, J5), 
there is a considerable vari^ion. Sometimes, in fact, 
the apiiendages of thi^ somite are altogeth^er wanting; 
sometimes one is present, and not the other ; and 
sometimes both are found. But, wheiitthey exist, these 
appendages are always small; and the protopodite 
followed by onl}’^ one imperfectly jointed filament, which 
appears to represent the endopodite cof the ^ther ap- 
pendages. *• 

In the male, the appendages of the first and second 
somites 6f the abdomen are not only of relatively large 
size, but they are widely different from the rest, those of 
the first somite departing from the general type further 
than those of the second. In the latter (C, C ') there is 
a protopodite {cx.p, hp) with the ordinary structure, and 
it is followed by an isndopodite {en,p) and an exopodite 
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(ex,p ) ; but tlie former is singularly modified. The un- 
divided basal part is large, and is produced oft the 
inner side into a lamella (a)^ which ‘extends slightly 
beyond the end of the terminal jointed portion (6)/ The 
inner half of this lamella is rolled upon itself, in such a 
manner as to give rise to a hollow cone, something like 
an extinguisher {C\ a). 

The appendage of the first somite {A) is^n unjointed 
styliform body, which appears to represent the proto- 
podite, togetlier with the basal part and tliei, inner pro- 
longation of the eiidopodite of the preceding appends^. 
The terminal half of •the appendage is really a broaJ 
plate, slightly bifid at the summit, but the sides of the 
plate are rolled in, in such a manner that the anterior 
lialf bends A)und and partially incloses the posterior half. 
They thus give rise to a canal, which is open at each end, 
and only partially closed behind. 

«-«»These two pairs of curiously modified appendages a/e 
ordinarily turned forwards and applied against the sterna 
of the posterior part of the thorax, in the interval be- 
tween the bases of the hinder thoracic limbs (see fig. 3, 
A). They serve as conduits^ by which the si^ermatic ^ 
matter of the male is conveyed from the openings of the 
ducts of the testes to its destination. t 

If we confine our attention to the,tbii*<l> fourth, and 
fifth metameres of the abdomen of the crayfish, it is 
obvious that the several somites and their appendages, 
and the various regions or parts# into which they are 
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divisible, correspond with one anothey, not only in form, 
but in their relations to the general plan of the whole 
abdonren. Or, in other owords, a diagrammatic plan of 
one somite will serve for all the three somites, with 
insignificant variations in detail. The assertion that 
these somites are constructed upon the same plan, in- 
volves no more hypothesis than the statement of an 
architect, th&t three houses are built upon the same jdan, 
though the facades and the internal decorations may 
differ more, or less. 

t 

^ In the language of morphology, such conformity in the 
plan of organisation is termed homology. Hence, the 
several metameres in question and their appendages, are 
homologous with one another^ while the regions of the 
somites, and the parts of their appendages, are also 
homologues. 

When the comparison is extended tou the sixth meta- 
ihere, the homology of the different parts with those of tBe‘ 
other metameres, is undeniable, notwitlistanding the great 
differences which they present. To recur to a^previous 
comparison, the ground plan of the building is the same, 
t though the i)roportions aire varied. So with regard to 
the first tod second metameres. In the second pair 
of appendages of the male, the difference from the 
ordinaiy type of .appendage is comparable to that pro- 
‘ duced by adding a portico or a turret to the building ; 
while, in the first pair of appendages of the female, 
it IS aa if one^ wing of the edifice were left unbuilt; 
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and, in those of male, as if all the rooms were run 
into one. * * 

It is further to be remarked^ that, just as of airow of 
houses built upon the same plan, one may be arranged so as 
to serve as a dwelling-house, another as a warehouse, and 
another as a lecture hall, so the homologous appendages 
of the crayfish are made to subserve various functions. 
And as the fitness of the dwelling-house, tllfe warehouse, 
and the lecture-hall for their several purposes would not 
in the least help us to understand why they should all be 
built upon the same general plan ; so, the adaptation of 
the appendages of the abdomen of the crayfish to the dis- 
charge of their several functions does not explain why 
those parts are homologous. On the contrary, it would 
seem simpl8r that each part should have been constructed 
in such a manner as to perform its allotted function in 
the best ]iossibl« manner, without reference to the rest. 
‘‘Jrhe iiroceedings of an architect, who insisted on coA 
structing every building in a town on the plan of a 
Gothic ^athedral,^ would not be explicable by considera- 
tions of fitness or convenience. 

In the cephalothorax, the division into somftes is not 
at first obvious, for, as we have seen, the dorsalj or tergal 
surface is covered over by a continuous shield, distin- 
guished into thoracic and cephalic regions only by the 
cervical groove. Even here, however, when a transverse 
section of the thorax is compared^ with that of the abdo- 
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men (figs. 15 and 86), it will be obvious that tlie tergal 
and the sternal regions of the two answer to one another ; 
while ^he branchiostegit^‘s correspond 'with greatly de- 
veloped pleura ; and the inner TvaU of the branchial 
chamber, which extends from the bases of the appendages 
to tlie attachment of the branchiostegite, represents an 
immensely enlarged epimeral region. 

On examination of the sternal aspect of the ccphalo- 
thorax the signs of division into somites become plain 
(figs. 3 and 39, A). Between the last two ambulatory 
limbs there is an easily recognisable sternum (XIF.), 
ffeough it is considerably narrower than any of the 
sterna of the abdominal somites, and differs from them 
in shape. t 

The deep transverse fold which separates ‘this hinder- 
most thoracic sternum from the rest of the sternal wall 
of the cephalothorax, is continued upwards on the inner 
dr epimeral wall of the branchial cavity ; and thus 
sternal and the epimeral portions of the posterior thoracic 
somite are naturally marked off from tliose of the more 
anterior somites. ‘ » 

The epimeral region of this somite presents a very 
curious structure (fig. 38). Immediately above the ar- 
ticular cavities for the appendages there is a shield- 
shaped plate, thg posterior, convex edge of which is 
sharp, prominent, and setose. Close to its upper 
boundary the plate exhibits a round perforation 
to the margins of w],iich the stem of the hindermost 
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pleurobranchia (fig. 4, ]}lh. 14) is attached; and in 
front of this, it “is connected, by a narrow neck, with 
an elongated triangular piece, which takes a^ vertical 
direction, and lies in the fold which separates tjie posterior 
thoracic somite from the next in front. The base of this 



Fig. QS.-- Astacvfi flurwtUh.—The mode of connexion between the last 
thoracic and the first abdominal somites ( x I!>), L-shaped bar ; 
/y76’, carapace ; IJ^t coxopodite of the last ambulatory leg ; plh.^ 
plime of attachment of the pleurobranchia ; st, X V, sternum, and 
t, XV, tergum of the first abdominal somite. 

* • . . • 

piece unites with the eiumeron of the penultimate somite. 

Its apex is connected with the anterior end of the horizontal 
arm of an L-shaped calcified bar (fig.,§8, a), the upper end 
of the vertical arm of which is firmlj', but moveably, con- 
nected with the anterior and lateral edge of the tergum 
of the first abdominal somite F.). The tendon of one 
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of the large extensor muscles of tlie abdomen is attached 
close to it. 

The jsternum and the shield-shaped epimeral plates 
constitute a solid, continuously calcified, ventral element 
of the skeleton, to which the posterior pair of legs is 
attached ; and as this structure is united with the 
somites in front of and behind it only by soft cuticle, 
except where cthe shield-shaped plate is connected, by 
the intermediation of the triangular piece, with the 
epimeron which lies in front of it, it is freely movable 
backwards and forwards on the imperfect hinge thus 
cosfstfcuted. 

In the same way, the firSt somite of the abdomen, 
and, consequent!}’', the abdomep as a whole, moves upon 
the hinges formed by the union of the L-shaJ^ed pieces 
with the triangular pieces. 

In the rest of the thorax, the sternal an/J the epimeral 
regions of the several somites are all firmly united" 
together. Nevertheless, shallow grooves answering to 
folds of the cuticle, which run froni the intervals 
between the articular cavities for the limbs towards the 
tergal end of the inner wal\ of the branchial chamber, 
mark oS tl^ epimeiral portions of as many somites as 
there are sterna, from one another. 

A short distance above the articular cavities a trans- 
verse groove separates a nearly square area of the lower 
part of the tpimeron from the rest. Towards the 
anterior and upper angle^ of this arek, in the two somites 
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■which lie immediately iji front of the hindermost, there 
is a small roun^ aperture for the attachment of the 







Fig. 39.— Thecephalclthoracic sterna and the endo- 
phr%mal system ( x 2). A, from beneath ; 7?, from above, a, a\ 
arthrophragms or partitions between the Articular cavities for the 
limbs ; cephalic apodeme ; cervical fold ; epn. 7, epimeronof 
the antennulary somite; 7/, anterior, and h', posterior horizontal 
process of endopleurite ; /ft, labrum ; mesophragm; mt, meta- 
stoma ; paraphragm ; 7— ATF, cephaWftioracic sterna ; 1—14, 
articular cavities of the cephalothoracic appendages. (The anterior 
cephalic sterna are bent downwards in A so as to bring them into 
the same plane with tlie remaining cephalothoracic sterna ; in B 
these sterna are not shown.) * . 
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rudimentary branchia. These aveoe of the epimera, in 
fact, Correspond with the shield-shaped plate of the 
hindeniiost somite. In tjie next most anterior somite 
(that \^iich bears the first pair of ambulatory le^s) there 
is only a small elevation in the place of the rudimentary 
branchia ; and in the anterior four thoracic somites no- 
thing of the kind is visible. 

On the steMial aspect of the thorax (figs. 8 and 89, A) a 
triangular space is interposed between the basal joints or 
coxopodites of the penultimate and the ante-penultimate 
pairs of ambulatory legs, while the coxopoditfe of the 
nflJre* anterior limbs are closely^ approximated. The 
triangular area in question *is occuined by two sterna 
(fig. 89, A, XI/, XIII), tlie lateral margins of which are 
raised into flange-like ridges. The next two sterna (X, 
XI) are longer, esjpecially that which lies between the 
forceps (X), but they are very narrow ; w^iile the lateral 
pif)cesses are reduced to mere* tubercles at the posterior 
ends of the sterna. Between the three pairs of maxil- 
lipedes, the sterna (FII, Fill, IX) are yet narrower, and 
become gradually shot Jer ; but traces of the tubercles at 
Jiheir posterior ends are %till discernible. The most 
anterior ofcthese sternal rods passes into a transversely 
elongated plate, shaped like a broad arrow (F, FI), 
which is constituted by the conjoined sterna of the two 
posterior somites of the head. 

Anteriorly *to this, and between it and the posterior 
end of the elongated <jral aperturb, the sternal region is 
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occupied only by so^|; or imperfectly calcified cuticle, 
which, on each^sido of the hinder part of the» mouth, 
passes into one of the lobes^of the metastoma Imt). At 
the base of each of these lobes there is a calcifitjd plate, 
united by an oblique suture with another, which occupies 
the whole length of the lobe and gives it firmness. The 
soft narrow lip which constitutes the lateral boundary 
of the oral aperture, and lies between it and the man- 
dible, passes, in front, into the posterior face of the 
labrum (lb). 

In ffont of the mouth, the sternal region which ajDper- 
tains, in part, to antennse, and, in part, to thfe faan- 
dibles, is obvious as a broad plate (III), termed the 
cplstoma* The middle tfiird of the posterior edge of the 
epistomtf gives rise to a thickened transverse ridge, with 
rounded ends, slightly excavated behind, and is then 
continued injo the labrum (Z5), which is strengthened by 
three pairs of calcifications, arranged in a longitudinal 
series. The sides of the front edge of the epistoma are 
excavated, and bound the articular cavities for the basal 
joints of the antenme (3) ; butf in the middle line, the 
epistoma is continued fonjards into a spear-head shaped 
process (figs. 39 and 40, 21), to whiCh the p^terior encfof 
the antennulary sternum contributes. The antennulary 
sternum is very narrow, and its anterior or upper end runs 
into a small but distinct conical median spine (fig. 40, t.). 
Upon this follows an uncalcified plate, beift into the form of 
a half cylinder (2),Vhich lies between the inner ends of 
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the eye-stalks and is united witjji adjacent parts only 
by flexible cuticle, so that it is freely ^movable. This 
represents the whole of the sternal region, and probably 
more, of •the ophthalmic somite# 

The sterna of fourteen somites are thus identifiable in 
the cephalothorax. The corresponding ej)imera are 


r. 



Fio. 40. — Astam/t fluviaUlis.—Tha ophthalmic and antennulary somites 
(x S). 7, ophthalmic, and 77, ante^jpulaiy sternum; i, articular 
surface for eyestalk ; for antennulc ; epim^al plate ; 

procephalic process ; r, hgse of rostrum ; f, tubercle. 

represented, in the thorax, by the thin innei; walls of the 
bran^jhial chamber ; the pleura, by the branchiostegites ; 
and the terga, by so much of the median region of the 
carapace as lies behind the cervical groove* That p^rt of 
the carapace which is situated in front of this groove occu- 
pies the place of the terga o^ the head ; while thep low 
ridge, skirting the oral and pra3-oral region, in which it 
terminates laterally, represents the pleura of the cephalic 
somites. 

•• 

The epimera of the head are, for the most part, very 
narrow ; but tholfee of the antennulary somite are broad 
plates (fig- 40 , epm.)^ "v^hich constitute the posterior 
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wall of the orbits. !• am inclined to think that a trans- 
verse ridge, which unites these under the base of the 
rostrum, represents the tergum of the antennulaly somite, 
and that the rostrum itself belongs to the next or 
antennary somite.* 

The sharp convex ventral edge of the rostrum (fig. 41) 
is produced into a single, or sometimes two divergent 
spines, which descend, in firont of the opBthalmic somite, 
towards the conical tubercle mentioned above : it thus 
gives rise to an imperfect partition between the orbits. 


Fig. 41 . — Astacus fluviatiU}t%-Thxi rostarum, seen from the left side. 

• 

The internal face of the slernal wall of the whole of 
the thorax and of the post-oral iiart of the head, presents 
a complicated arrangement of hard parts, which is ki^own 
as the endophragmal system (figs. 39, J?, 42, and 43), and 
which iierformg the office of an internal skeleton by afford- 
ing aftacljment to muscles, and* seiwing to protect im- 
portitnt viscera, while at the same time it ties the somites 
together, and unites them into a solid whol^ In realil}", 
however, the curious pillars and bulkheads which enter 

into the composition of the endophragmal system are all 

•• 

* There are some sing^ular marine Crustacea, in which 

both the ophthalmic and the antennary somites ore free and movable, 
while the rostrum is articulated with the tergum of the antennary 
somite. ^ • 
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mere infoldings of the cuticle, or ajmlem^s ; and, as such, 
they ar^ shed along with the other cuticular structures 
during tllfe process of ecdysie. 

Without entering into unnecessary details, the gene- 
ral principle of the construction of the endophragmal 
skeleton may he stated as follows. Four apodemes are 
develojped between every two somites, and as every 
apodeme is a%ld of the cuticle, it follows that the 
anterior w’all of each belongs to the somite in front, and 
the posterior w'all to the somite behind. All four appdemes 
lie m jhe ventral half of the somite and form a single 
transverse series ; consequently thfere are two nearer 
the middle line, which are termed the endosternites, and 
two further off, which are the eMoj^lciiriteSn The former 
lie at the inner, and the latter fit the outer ends of the 
partitions or arthrophraguis (fig. 89, A, a, a\ fig. 42, aph)^ 
between the articular cavities for the basal* joints of the 
limfis, and they spring partly from the latter and partly 
from the sternum and the epimera respectively. 

The endosternite (fig. 42, ens.) ascends ^ertically,«vith a 
slight inclination forwards, and its summit narrows and 
assumes the form of a pilljft, with a flat, transversely 
elongated coital. The inner prolongation of the capital 
is called the mesophragm {mph.), the outer the paraphragm 
(pph.)> The mesopbragms of the two endosternites of a 
somite usually jinite by a median suture, and thus form 
a complete arch over the sternal caijal (s.c.), which lies 
between the endosternites. 



THE ENDOPHRAGMAL SYSTEM. 


159 


The endopleurites {en.pL) are also vertical plates, but 
. ® 

they are relatively shorter, and their inner angles give oS 
two nearly horizontal i)roce$ses, one of which passes 
obliquely forwards (fig. 39, B, A, fig. 42, and unites 
with thfe paraphragm of the endostemite of the somite 
in front, while the other, passing obliquely backwards 
(fig. 39, /i'), becomes similarly connected with the endo- 
stemite of the somite behind. > 



Fig. 42. — Aafacvfi s^gfmentof the endophragmal system 

(x 3). fl'y^Zt.^rthrophrag’m; arth. arthrodial or articular cavity; 
crji, coxopodite of the aiftbulatory le^ ; etiplj endopleurite c»«, 
endostemite ; ejwi, epimeron ; hp, horizontal process of endo- 
pleurite ; viph, mesophragm ; paraphragm ; a, sternum of 
somite ; sc, sternal canal. 

The endopleurites of the last ^Tioracic somite are - udi- 
mentary, and its endosternftes are small. On the othej 
hand, the mesoi)hragmal processes of the endosternites of 
the two posterior somites of the head (fig. 39, B, CMp), by 
which the endoi)hraginal system terminates in fi’ont, are 
particularly strong and closely united together. They 
thus, with their endopleurites, form a solid partition be- 
tween the stomach, which lies uppn th^m, and the mass of 
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* pdalesced anterior thoracic and posterior cephalic ganglia 
situated beneatli them. Strong processes are given off 
from their anterior and oi^ter angles, which curve round 
the tendons of the adductor muscles of the mandibles, and 
give attachment to the abductors. 

In front of the mouth there is no such endophrai^al 
system as that which lies behind it. But the anterior gas- 
tric muscles aie attached to two flat calcified plates, which 
appear to lie in the interior of the head (though they are 
really situated in its upper and front wall) on each side 
of the base of the rostrum, and are called the procephalic 
prfkeheB (figs. 40, 43, p.cp). Each^of these plates^ 99 n- 
stitutes the posterior Avail of a* narrow cavity which opQns 
externally into the roof of the onbit, and has been regarded 
(though, as it appears to me, Avithout sufficient teason) as 
an olfactory organ. I am disposed to think, though I 
have not been able to obtain complete evidence of the 
fact, that the procephalic pi'ocfesses are the representa- 
tives of the “procephalic lobes'' which terminate the 
anterior end of the body in the embryo crayfis^. At 
any rate, they occupy tii^ same position relatively to the 
^es and to the carapace ; |nd the hidden position of 
these processes, in the adult, appears to arise from the 
extension of the carapace at the base of the rostrum 
over the fore part of the originally free sternal surface of 
the head. It has thus covered over the procephalic 
processes, in A^hicli the sternal wall of the body termi- 
nated; and the cavities ^which lie m front of them are 
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pimply the inteiKpaces left between the inferior* or « 
posterior wall of the prolongation of the carapadb aild 
the originally exposed externa)^ faces of these regions of 

the cephalic integnment. * 

* 

Fourteen samites having thus been distinguished in 
the cephalothorax, and six being obvious in the abdomen, 
it is clear that there is a somite for every pilir of append-* 
ages. And, if we suppose the carapace divided into 
segments answering to these sterna, the whole body will 
be^ made*^ up of twenty somites; each having a pair of 
appendages. As the carapace, however, is not actualfy 
divided into terga in correspondence with the sterna 
which it covers, all we can safely conclude from the 
anatomical^facts is that it represents the tergal region of 
the somites, not that it is formed by the coalescence of 
primarily distinct terga. In the head, and in the greater 
part of the thorax, the "somites are, as it were, ntn 
together, but the last thoracic somite is partly free and 
to a slight extentmoveable, while the abdominal somites 
are all free, and moveably articulaiJed together. At the 
anterior end of the body, and, apparently, from the an-^ 
tennary somite, the tergal region ^ves rite to the 
rostrum, which projects between and beyond the eyes. 
At the opposite extremity, the telson is a corresponding 
median outgrowth of the last somite, which has become 
moveably articulated therewith. The narrowing of the 
internal moieties of the anterior thoracic somites, to- 
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gether with the sudden widening of the same parts in 
the p6sterior cephalic somites, gives rise to the lateral 
depression (fig. 39, cf) in which the scaphognathite lies. 
The limit thus indicated corresponds with that marked 
by the cervical groove upon the surface of the carapace, 
and separates the head from the thorax. The three pair 
of maxillipedes (^, 8, 9), the forceps (iO), the ambulatory 



c 

Fig. fluvistilis, — Longitudinal section of the anterior part 

of the (Sphalothorax ( x 3). I— IX, sterna of first nine cephalo- 
thoracic somites; 1, eyestaJk ; 2, basal joint of antennule ; S, basal 
joint of antenna ; mandible; 0 , inner division of the masticatory 

surface of the mandible ; a', apophysis of the mandible for muscular 
attachment ; cp, free edge of carapace ; e, endostemite ; mpl, endo- 
pleurite ; cpm, epimeral plate; I, labrum ; vi, muscular fibres con- 
necting epimera with interior of carapace ; mt, metastoma ; pcp^ 
procephalic process. 
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limbs (11 — ldi)y and tha eight somites of which they are 
the appendages — XIV), lie behind this boundary 

I and belong to the thorax. Th^ two pairs of maxillae (5, 6) 
the mandibles (4), the antennae (5), the antennifles {2)^ 
the eyestalks (i), and the six somites to which they are 
attached (J — VI), lie in front of the boundary and com- 
pose the head. 

Another important point to be noticed i» that, in front 
of the mouth, the sternum of the antennary somite (fig. 
43, III) is inclined at an angle of 60° or 70° to the direc- 
tion of jtlie sterna behind the mofith. The sternum of the 
antennulary somite (ZJ) is at right angles to the latter 
that of the eyes (Z) looks upwards as well as forwards. 
Hence, tlie front of the head beneath the rostrum, though 
it looks forwards, or even uj) wards, is homologous with the 
sternal aspect of the other somites. It is for this reason 
that the feelers and the eyestalks take a direction so dif- 
ferent from that of the other appendages. The change 
of aspect of the sternal surface in front of the mouth, 
thus ef^cted, is what is termed the cephalic flexure. 

m 

9 

Sinee the skeleton which invests the trunk of the cray-^ 
fish is made up of a twenty-fold reljpetition^f somites, 
homologous with those of the abdomen, we may expect 
to find that the appendages of the thorax and of the head, 
however imlike they may seem to be to those of the ab- 
domen, are nevertheless reducible to the same funda- 
mental plan. 
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The third maxillipede is one of the most complete of 
these ' appendages^ and may be advantageously made the 
starting point of the study, of the whole series. 



Pig. 44. — Aitacus Jluviatilh . — The third or external maxillipede of the 
left side (x 3). e, lamina, and br, branchial filaments of the 
podobranchia ; cxp^ coxopodite ; cxx, coxopoditio set® ; hp, basi- 
podite ; ex, exopodite ; ij?, ischiopodite ; mp, metopodite ; cp, 
carpopodite ; pp, propodite ; dp, dactylopodite. 

« 

Neglecting details for the moment, it may be said that 
the appendage copsistspf a basal portion (fig. 44, exp, bp). 
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with two terminal divisions (ij? to dp, and ex), which are 
directed forwards, Celow the mouth, and a third, lateral 
appendage (e, hr), which runs up, beneath the carapace, 
into the branchial chamber. The latter is the gill, or^odo- 
branchia, attached to this limb, and it is something not 
represented in the abdominal limbs. But, with regard 
to the rest of the maxillipede, it is obvious that the 
basal portion {exp, bp) represents the protapodite, and 
the two terminal divisions the endopodite and the exo- 
podite respectively. It has been observed that, in the 
abdominaf appendages, the extend to which segmentatioi 
occurs in homologous p 0 .rts varies indefinitely; an edSlRT- 
podite, for example, may be* a continuous plate, or may 
be subdivided into many joiiits. In the maxillipede, the 
basal portiefn is divided into two joints ; and, as in the 
abdominal limb, the first, or that which articulates with 
the thorax, is teymed the coxopodlte (exp), while the second 
is the hasipodite (5p). The stout, leg-like endopodite 
appears to be the direct continuation of the basipodite ; 
while the much niore narrow and slender exopodite arti- 
culates with its outer side. The eaopodite {ex) is by no 
means «unlike one of the e:|opodites of the abdominal 
limbs, consisting as it does of an undivided l^se and a 
many-jointed terminal filament. The endopodite, on the 
contrary, is strong and massive, and is divided into five 
joints, named, from that nearest to t&e base onwards, 
ischiopodite {ip), meropodite (mp), carpopodite {cp), propo’- 
dite {pp), and dactyhpddite (dp). 
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The second maxillipede (iig. 45, B) has essentially the 
samef' composition as the first, but the exopodite (ex) is 
relatively larger, the endopodite (ip — dp) smaller and 
softer^ and, while the ischiopodite (ip) is the longest 
joint in the third maxillipede, it is the meropodite (mp) 
which is longest in the second. In the first maxillipede 



Fio. 45. — Astacus flimatilis. — A, the first ; B, the second ipazillipede 
of the left side ( x coxopodite ; hp^ basipodite ; e, hr, po- 

dobranchia ; ep, epipodite; cn, endopodite; exopodite ; ip, is- 
chiopodite ; mp, meropodite ; Vy, carpopodite ; jfp, propodite ; dp, 
dad^loppdite. 

(fig. 45, A) a great modification has taken place. The 
coxopodite (exp) and the basipodite (bp) are broad thin 
plates with setose cutting edges, while the endopodite 
(en) is short and only two-jointed, and the undivided 
portion of the exppoditjB (ex) is very long. The place of 
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the podobranchia is taken by a broad soft membranous 
plate entirely de’^^id of branchial filaments («p). .Thus, 
in the series of the thoracic limbs, on passing forwards 
from tlie third maxillipede, we find that though the plan 
of the appendages remains the same ; (1) the protopodite 
increases in relative size ; (2) the endopodite diminishes ; 
(3) the exopodite increases ; (4) the podobranchia finally 

takes the form of a broad membranous plate and loses its 

• « 

brancliial filaments. 

Writers on descriptive Zoology usually refer to the 
parts of^e maxillipedes under different names from those 
which are employed here. The protopodite and the^wwio- 
podite taken together are^ commonly called the stem of 
the maxillipede, while the exopodite is the paZp, and the 
metamorphosed podobranchia, the real nature of wliich 
is not recognised, is termed thfe flagellum. 

When the comparison of the maxillipedes with the 
abdominal members, however, had shown the funda- 
mental uniformity of composition of the two, it became 
desirable to invent a nomenclature of the homologous 
parts t^rhich should be capable o{ a general application. 
The .names of protopodite, endopodite, exopodite, which 
I have adopted as the equivalents ofithe ‘‘ stem ” and tliS 
‘‘palp,” were proposed by Milne-Edwards, who at the 
same time suggested epipodite for the “ flagellum.” And 
the lamellar process of the first mSxillipede is now very 
generally termed an epipodite ; while th^ podobranchise, 
which have exactl}'* "the same relations to the following 
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limbSi are spoken of as if they^ were totally different 
structures^ under the name of branchi^^ or gills. 

The flagellum or epipodite of the first maxillipede, 
howeveir^ is nothing but the slightly modified stem of a 
podobranchia^ which has lost its branchial filaments; 
but the tewn ** epipodite ” may be conveniently used for 
podobranchiffi thus modified. Unfortunately, the same 
term is applied to certain lamelliform portions of the 
^)ranchi 8 B of other Crustacea, which answer to the lamin&c 
of the crayfishes’ branchias ; and this ambiguity must be 
borne in mind, though it 7 s of no great moment. ^ 

examining an appendage from that part of the 
thorax which lies behind the 'third maxillipede, say, for 
example, the sixth thoracic limb (the second walking leg) 
(fig. 46), the two joints of the protopodite and the five 
joints of the endopodite sfre at once identifiable, and so 
is the podobranchia ; but the exopodite has vanished 
altogether. In the eighth, or, last, thoracic limb, the 
podobranchia has also disappeared. The fifth* and 
sixth limbs also differ from the seventh and eighth, 
in being chelate; that^is to say, one angle of the^ distal 
end of the propodite is prolonged and forms the fixed leg 
tif the pincer. The produced angle is that which is 
turned downwards when the limb is fully extended 
(fig. 46). In Ihe forceps, the great chela is formed in 
just the same way ; the only important difference lies in 
the fact that; ac in the external maxillipede, the basipo- 
dite and the ischiopodite are immoveablyomited. Thus, 




FlO. 40. — Astaouy fluviatilis. — The second ambulatoiy of the left 
side ( X 3). C£rj7, coxopodite ; basipodite ; coxo. 

poditic setae ; lamina of gill or epipodite ; ip, ischiopodite ; mj?, 
meiopodite ; cj?, carpopollite ; vjp^ propodite ; dp^ doctyloxxMlite. 
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the limbs of the thorax are all r^ucible to the same type 
as those of the abdomen, if we suppose that, in the 
posterior five i^air, the exopodites are suppressed ; and 
that, ifi all but the last, podobranchite are superadded. 

Turning to the appendages of the head, the second 
maxilla (fig. 47, C) presents a further modification of the 
disposition of the parts seen in the first maxillipede. 
,The coxopociite {exp) and the basipodite (bp) are still 
thinner and more lamellar, and are subdivided by deep 
fissures which extend from their inner edges. The 
endopodite {en) is verjr small and undivided*. In the 
plSffe of the exopodite and the ^ipodite there is only 
one great plate, the scapitognathite {sg) which either 
is such an epipodite as ih^t of the first maxiUipede 
with its anterior basal process much enlarged, or repre- 
sents both the exopodite and the epipodite. In the first 
maxilla (B), the exopodite and the epigpdite have dis- 
appeared, and the endopodite {en) is insignificant and 
unjointed. In the mandibles (A), the representative of 
the protopodite is strong and transversejy elongated. Its 
broad inner or oral ead presents a semicircular Vastica- 
tory surface divided by a ^eep longitudinal groove into 
two toothed ridged. The one of these follows the con- 
vex anterior or inferior contour of the masticatory surface, 
projects far beyond the other, and is provided witli a sharp 
serrated edge; the other (fig. 43, a) gives rise to the straight 
posterior or iftiperior contour of the masticatory surface, 
and is more obtusely tuberculated. In front, the inner 
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ridge is continued into^ process by which the mandible 
articulates with tlfe epistoma (Sg. 47, A, ar). The endo- 



Fio. 47 . — AstacusJlvvMilis — A, mandibles; B, first maxilla ; 0, second 
maxilla of the left side ( x 3 ). «?*, internal, and ar*, external 

articular process of the mandiBle ; hp^ basipodite ; crp, coxopodite 
en^ endopodite ; 77 , palp of the mandiblfi ; sg, scap^ogrnathite ; a.*, 
internal process of the first maxilla. 

podite is represented by the three -j ointed (p), the 
terminal joint of which is oral and beset with numerous 
strong sete, wliich are especially abundant along its 
anterior edge. 
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In the antenna (fig. 48, C) the protopodite is two- 
jointed. The basal segment is small, and its ventral 
face presents the conical prominence on the posterior 
aspect bf which is the aperture of the duct of the renal 
gland (gg). The terminal segment is larger and is subdi- 
vided by deep longitudinal folds, one upon tlie dorsal and 



Fig. 48.— Jluviatilis, — A, eye-staJk ; B, antemmle ; 0, antenna 
of the left side ( x 3). a, spine of the basal joiifc of the ant^nnnle ; 

comeal surface of the eye ; exopodite or squame« of the 
antenna ; gg^ aperture of the duct of the green gland. 

c 

one upon the ventral face, into two moieties which are 
more or less moveable upon one another. In front and 
externally it bears the broad flat squame (exp) of the an- 
tenna, as an exopodite. Internally, the long annulated 
“ feeler ” which represents the endqpodite, is connected 
with it by two stou^ basal segments. " 



THE ANTENNULES AND THE EYESTALKS. 173 


The antennule (fig. *48, B) has a three-jointed stem 
and two terminal anmilated filaments, the outer ofVhich 
is thicker and longer than the^ner, and lies rather above 
as well as external to the latter. The peculiar form of 
the basal segment of the stem of the antennule has already 
been adverted to (p. 116). It is longer than the other 
two segments put together, and near the anterior end 
its sternal edge is produced into a single st?ong spine (a) j 
The stem of the antennule answers to the protopodite of 
the other limbs, though its division into three joints is 
unusual ; the two terminal annhlated filaments represent 
the endopodite and tbe exopodite. ^ 

Finally, the eyestalk (A) has just the same structure 
as the protopodite of an abdoxninal limb, having a short 
basal andti long cylindrical terminal joint. 

From this brief statement of the characters of the appen- 
dages, it is clear that^ in whatever sense it is allowable 
say that the appendages of the abdomen are constructed 
upon gne plany) which is modified in execution by the 
excess of development of one part bver another, or by the 
suppression of parts, or by >the coalescence of one part ^ 
with another, it is allowable to say that all ^the appen- 
dages are constructed on the same plan, and are modified 
on similar principles. Given a general type of appendage 
consisting of a protopodite, bearing a podobranchia, an 
endopodite and an exopodite, all the actual appendages 
are readily derivable from that t 3 ^pe. 
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In addition, therefore, to their adaptation to the pur- 
poses* which they subserve, the parts of the skeleton 
of the -crayfish show a u»ity in diversity, such as, if 
the arfimal were a piece of human workmanship, would 
lead us to suppose that the artificer was under an obliga- 
tion not merely to make a machine capable of doing cer- 
tain kinds of work, but to subordinate the nature and 
arrangement ♦f the mechanism to certain fixed architec- 
tural conditions. 

The lesson thus taught by the skeletal organs is re- 
iterated and enforced by ^he study of the nervous and the 
mdscular systems. As the skeleton of the whole body is 
capable of resolution into the 'skeletons of twenty separate 
metameres, vaidously modified^ and combined ; so is the 
entire ganglionic chain resolvable into twenty pairs of 
ganglia various in size, distant in this region and 
approximated in that; and so is the muscular system 
oft the trunk conceivable ds the sum of twenty 
myotomes or segments of the muscular system* appro- 
priate to a metamere, variously modified accor^g to 
the degree of mobility of the different regions tof the 


The building up of the body by the repetition and 
the modification of^ a few similar parts, which is so ob- 
vious from the study of the general form of the somites 
and of their appendages, is still more remarkably illus- 
trated, if we pursue our investigations further, and trace 
• \ 
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out the more intimate •structure of these parts. The 
tough, outer coat, which has been termed the cuttcula^ 
except so far as it presents difiierent degrees of hardness, 
from the presence or absence of calcareous s.alts, is 
obviously everywhere of the same nature ; and, by 
macerating a crayfish in caustic alkali, which destroys all 
its other components of the bod}^ it will be readily 
enough seen that a continuation of the caticular layer 
passes in at the mouth and the vent, and lines the 
alimentaiy canal; furthermore, that processes of the 
cuticle covering various parts bf the trunk and limbs 
extend inwards, and afford smffaces of attachment to'^the 
muscles, as the ajpodmnata and tendons. In technical 
language, the cuticular substance which thus enters so 
largely into the composition of. the bodily fabric of the 
erayfish is called a tissue. 

The flesh, OT muscle^ is another kind of tissue, which 
is readily enough distinguished from cuticular tissue by 
the naked eye ; but, for a complete discrimination of 
all the^idifferent* tissues, recourse must be had to the 
micro^ope> the application of -Which to the study of 
the ultimate optical characters of the morphological, ^ 
•constituents of the body has given rise to that branch 
of morphology which is known as Histology. 

If we count every formed element^of the body, which 
is separaBle from the rest by definite characters, as a 
tissue, there are no more than eight kinds of such tissues 
in the crayfish; that is to say, .every solid constituent 
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of the body consists of one or more of the following eight 
histdlogical gioups : — 

1. Blood porpuscles ; fi. Epithelium ; 3. Connective 
tissue’; 4. Muscle; 5. Nerve; 6. Ova; 7. Spermatozoa; 
8. Cuticle. 

1. A drop of freshly-drawn blood of the crayfish con- 
tains multitudes of small .particles^ the blood corpuscles, 


s 3 4 



I^G. id,—Astacti8 fliiviatiHs.—The corpuscles of the blood, highly 
magnified. 1 — 8, show the changes undergone by a single cor- 
puscle during a quarter of an hour ; n, th^ nucleus ; 9 and 10 
are corpuscles killed by magenta, and having the nuc£us deeply 
stained by the colouring matter. * 

which raifely exceed l-700th, and usually are about 
1-lOOOth, of an inch in diameter (fig. 49). They 
are sometimes palp and delicate, but generally more or 
less dark, from containing a number of minute strongly 
refracting granules, and they are ordinaiily exceedingly 
irregular in form^ If .one of them is watched continu- 
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ously for two or three u^nutes, its shape will be seen to 
undergo the constaftt but slow changes to which passing 
reference has already been mac^e (p. 69). One or other of 
the irregular prolongations will be drawn in, and another 
thrown out elsewhere. The corpuscle, in fact, has an 
» inherent contractility, like one of those low organisms, 
known as an Amoeba^ whence its motions are frequently 
called amcebiform. In its interior, an ilWarked oval# 
contour may be seen, indicating the presence of a sphe- 
roidal body, about l-2000th of an inch in diameter, which 
is the nucPeus of the corpuscle The addition of sotiae 
re-agents, such as dilul^ acetic acid, causes the corpusCibs 
at once to assume a spherical shape, and renders the nuc- 
leus very conspicuous (fig^ 49, 9 and 10). The blood 
corpuscle is>, in fact, a simple nucleated cell, composed 
of a contractile protoplasmic mass, investing a nucleus ; 
it is suspendejL freely in the blood; and, though as 
much a part of the crayfish organism as any other af 
its histological elements, leads a quasi-independent ex- 
istence in that fluid. 

2. Uuder the general name of ppithelium, may be in- 
cluded form of tissue, whicj^ everywhere underlies the 
exoskeleton (where it corresponds with the epidermis of the 
higher animals), and the cuticular lining of the alimen- 
tary canal, extending thence into the hepatic cscca. It is 
further met with in the generative organs, and in the green 
gland. Where it forms the subcuticular layer of the 
integument and of the alimentary canal, it is found to 
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consist of a protoplasmic substance (fig. 50)^ in which close 
set nuclei («) are imbedded. If a nunfber of blood corpus- 
cles could be supposed ta be closely aggregated together 
into i continuous sheet, they would give rise to such a 
structure as this; and there can be no doubt that it 
really is an aggregate of nucleated cells, though the 
limits between the individual cells are rarely visible in the 
•fresh state, t In the liver, however, the cells grow, and 
become detached from one another in the wider and lower 



Fig. 60 . — Asfactts ^wr Epithelium, from the epidermic layer 
• subjacent to the cuticle, highly magnified, yl, in vertical section ; 
* JS, from the surface. nuclei. ‘ 

parts of the cvsca, and their essential nature is thus 
obvious. 

8. Immediately beneath the epithelial layer follows a 
tissue, disposed in bands «r sheets, which extend to the 
subjacent^ parts, invest them, and connect one with 
another. Hence this is called connective tissue. 

The connectiye tissue presents itself under three forms. 
In the first there is a transparent homogeneous-looking 
matrix, or ground substance, through which are scattered 
many nuclei. Tfl fact, this form of connective tissue 
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very closely resembles tjie epithelial tissue, except that 
the intervals betwe^ the nuclei are wider, and tha^ the 
substance in which they are in^jbedded cannot be broken 
up into a separate cell-body for each nucleus. Si the 
second form (fig. 51, A) the matrix exhibits fine wav}- 
parallel lines, as if it were marked out into imperfect 



Fig. Oh^Asta^us fluviatilis . — Connective tissue ; A, second form ; If, 
third form. 0, cavities ; n, nuclei. Hig^hly 

• % 

fibres. In this form, as in the next to be* described, 
more or less spherical cavities, which contain a clear 
fluid, are excavated in the matrix.; an^ the number of 
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these is sometimes so great, tl^at the matrix is propor- 
tioniilly very much reduced, and the structure acquires a 
close superficial similarity to that of the parenchyma of 
plants. This is still more the case with a third form, in 
which the matrix itself is marked off into elongated or 
founded masses, each of which has a nucleus in its 
interior (fig. 51, U). Under one form or another, the 
1 connective i^'ssue extends throughout the body, ensheath- 
ing the various organs, and forming the walls of the blood 
sinuses. 

The third form is particularly abundant in the' outer 
investment of the heart, the qrteries, the alimentary 
canal, and the nervous centres. About the cerebral and 
anterior thoracic ganglia, and on the exterior of the 
heart, it usually contains more or less fatty matter. In 
these regions, many of the nuclei, in fact, are hidden by 
the accumulation round them of granules of various 
tsizes, some of which are composed of fat, while others 
consist of a proteinaceous material. These aggregates 
of granules are usually spheroidal; and^with the matrix in 
which they are imbedded and the nucleus which #hey sur- 
round, they are often readjly detached when a portion of 
the connf ctive tissue is teased out, and are then known as 
fat cells. From what has been said respecting the dis- 
tribution of the connective tissue, it is obvious that if 
all the other tissues could be removed, this tissue would 
form a continuous whole, and represent a sort of model, 
or cast, of the whole body of the crayfish. 
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4. The muscular tissue^oi the cra3^fish always has the 
form of bands or fibres, of very various thickness, maAed, 
when viewed by transmitted light, by alternate darker and 


71 . 



Fia. 62 . — Astaevs fluviutil^, — ^A, a single mu^ular fibre, transverse 
diameter ^lutb of an inch ; B, a portion of the same fiiore highly 
magnified ; 0, a smaller portion treated with alcohol and acetic 
acid stiU more highly magnified ; D and E, the splitting up of a 
part of a fibre, treated with picro-carmine^ into fibrillm ; F, the 
connection of a nervous with a muscular fibre which has been 
treated with alcohol and acetic acid, a, darker, and //f clearer portions 
of thefibrillffi ; nuclei ; nv^ nerve fibre ; sarcolemma ; tendon ; 
1 — 5, successive dark granular strim {mswering to the granular 
ixntions, a, of each fibrilla. * 
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lighter strise, transversely to 'the ^axis of the fibres 
(fig.^62 A). The distance of the transverse strise from one 
another varies with the condition of the muscle, from 
l-4,dboth of an inch in the quiescent state to as little as 
1 -30,000th of an inch in that of extreme contraction. 
The more delicate muscular fibres, like those of the 
heart and those of the intestine, are imbedded in the 
^connective tissue of the organ, but have no special sheaths. 


A B 



Fia. 53. — Agtacwt flvviatilU, — A, livingf musculaiv fibres very highly 
magnified ; 77, a fibrilla treated jirith solution of sodium chloride ; 
^ C, a fibrilla treated with strong nitric acid, s, septal lines ; xz, 
septal zones ; is, interseptal zones ; a, transverse line in the inter- 
septal zone. 

‘ i 

The fibres which ma£e up the more conspicuous‘muscles 
of the trunk and limbs, 6n the other hand, are much 
larger, and are invested by a thin, transparent, structure- 
less sheath, which is termed the sarcolemma. Nuclei 
are scattered, at intervals, through the striated substance 
of the musclq ; and, in the larger muscular fibres, a layer 
of nucleated protoplasm lies between the sarcolemma and 
the striated musQle substance* 
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This much is readily, seen in a specimen of muscular 
fibre taken from eJky part 6f the body, and whether alive 
or dead* But the results of tjfie ultimate optical analysis 
of these appearances, and tlie conclusions respecthig the 
normal structure of striped muscle which may be legiti- 
mately drawn from them, have been the subjects of much 
controversy. 

Quiescent muscular fibres from the chela^of the forcep® 
of a crayfish, examined while still living, without the 
addition of any extraneous fluid, and with magnifying 
powers of not less than seven oi^eight hundred diameters, 
exhibit the following appearance. At intervals of abRut 
1 -4000th of an inch, very* delicate but dark and well- 
defined transverse lines are visible ; and these, on careful 
focussing, appear beaded, as if they were made of a series 
of close-set minute granules not more than 1 -20,000th 
to l-30,000tli.of an inch in diameter. These may be 
termed the septal lines (fig. 52, D and E, a; C, 1 — S : 
fig. 63, s). On each side of every septal line there 
is a vejy narrow perfectly transparent band, which may 
be distinguished as the septal zofte (fig. 53, sz). Upon 
this fellows a relative^ broa^ band of a substance which 
has a semi-transparent aspect, like Very finely ground 
glass, and hence appears somewhat dark relatively to the 
septal zone. Upon this inter-septal zone (is) follows 
another septal zone, then a septal line, another septal 
zone, an inter-septal zone, and so on tfiroughout the 
whole length of the fibre. 
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In the perfectly unaltered stat(j of the muscle no other 
transyerse markings than thesfe are discernible. But it is 
always possible to observe certain longitudinal markings ; 
and tlwse are of three kinds. In the first place, the nuclei 
which, in the perfectly fresh muscle, are delicate trans- 
parent oval bodies, are lodged in spaces which taper off at 
each end into narrow longitudinal clefts (fig. 52, A, B). Pro- 
tongations of^he protoplasmic sheath of the fibre extend 
inwards and fill these clefts. Secondly, there are similar 
clefts interposed between these, but narrow and merely 
linear throughout. Sometimes these clefts cohtain fine 
granules. Thirdly, even in the |)erfectly fresh muscle, 
extremely faint parallel longitudinal strise 1-7, 000th 
of an inch, or thereabouts, apart, traverse the several 
zones, so that longer or shorter segments of the 
successive septal lines are inclosed between them. A 
transverse section of the muscle appear^; divided into 
rqunded or polygonal arese o£ the same diameter, sepa- 
rated from one another here and there by minute inter- 
stices. Moreover, on examination of, perfectly fresh 
muscle with high magnifying powers, the septal lipes are 
hardly ever straight for any ^distance, but are broken up 
into short Jengths, ^whicli answer to one or more of the 
longitudinal divisions, and stand at slightly different 
heights. 

The only conclusion to be drawn from these appear- 
ances seems t6 me to be that the substance of the muscle 
is composed of distinct jibrils ; and that the longitudinal 
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strifiB and the rounded lyreiB of the transverse section are 
simply the optical ttexpresstons of the boundaries of .these 
fibrils. In the perfectly unaltered state of the tissue, 
however, the fibrils are so closely packed that their 
boundaries are scarcely discernible. 

Thus each muscular fibre may be regarded as com- 
posed of larger and smaller bundles of fibrils im- 
bedded in a nucleated protoplasmic fraigework whi(d;i 
ensheaths the whole and is itself invested by the sar- 
colemma. 

As the*fibre dies, the nuclei a^uire hard, dark contours 
and their contents bgcome granular, while at the sdhie 
time the fibrils acquire sharp and well-defined boundaries. 
In fact, the fibre may now be readily teased out with 
needles, and the fibrils isolated. 

In muscle which has been treated with various reagents, 
such as alcohi?!, nitric acid, or solution of common salt, 
the fibrils themselves may be split up into filaments, of 
extreme tenuity, each of which appears to answer to 
one of^the granules of the septal lines. Such an 
isolated muscle filament looks like a very fine thread 
carrying minute beads at regjilar intervals. 

The septal lines resist most reagents, i|pd remain 
visible in muscular fibres w^hich have been subjected to 
various modes of treatment ; but tliey may have the 
appearance of continuous bars, or be more or less com- 
pletely resolved into separate granules, according to cir- 
cumstances. On the other hand, what is to be seen in 
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the interspace between every two septal lines depends 
upon* the reagent employed/ With^ dilute acids and 
strong solutions of salt, th^ inter-septal substance swells 
up an(f becomes transparent, so that it ceases to be dis- 
tinguishable from the septal zone. At the same time a 
distinct but faint transverse line may appear in the 
middle of its length. Strong nitric acid, on the con- 
traiy, render# the inter-septal substance more opaque, 
and the septal zones consequently appear very well 
defined. 

In living and recent!^ dead muscle, as well as in 
mifscles which have been preserved in spirit or hardened 
with nitric acid, the inter-sepfal zones polarize light; and 
hence, in the dark field of the polarizing microscope, the 
fibre appears crossed by Jbright bands, which ftorre^ond 
^vith the inter-septal zones, or at any rate, with the 
middle parts of them. The substance which fonns the 
septal zones, on the contrary/ produces no such efiect, 
and consequently remains dark; while the septal lines 
again have the same property as the inter-sep^l sub- 
stance, though in a le^ degree. 

In fibres which have be^ acted upon by solution of 
salt, or dilute acids, the inter-septal zones have lost 
their polarizing property. As we know that the reagents 
in question dissolve^ the peculiar constituent of muscle, 
myoBirty it is to be concluded that the inter-septal sub- 
stance is chietfy composed of myosin. 

Thus a fibril naay bp considered to be made up of 
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segments of different material arranged in regular order ; 
S — sz — IQ — sz — -Ife — sz — is — sz — S : S representftig the 
septal line ; sz, the septal zone ; IS, the inter-septal zone. 
Of these, IS is the chief if not the only seat^ of the 
myosin; what the composition of sz and of S may be 
is uncertain, but the supposition, tliat, in the living 
muscle, sz is a mere fluid, appears to me to be wholly 
inadmissible. • • 

When living muscle contracts, the inter-septal zones 
become ^shorter and wider and their margins darker, 
while the septal zones and*the septal lines tend to 
become effaced — as it appears to me simply in conse- 
quence of the approximation of the lateral margins of 
the inter-septal zones. It is probable that the sub- 
stance of* the intermediate zojie is the chief, if not the 
only, seat of the activity of the muscle during con- 
traction. • 

6. The elements of the nervous tissue are of two kiiids, 
nerve-cells, and nerve fibres ; the former are found in the 
ganglia, and they vary very much in size (fig. 64, B). Each 
ganglionic corpuscle consists of a cell body produced 
into* one or more processes which sometimes, if no^ 
always, end in nerve fibres. A Im’ge, clear spherical 
nucleus is seen in the interior of the nerve-cell; and 
in the centre of this is a well 4efined, small round 
particle, the nucleolus. The corpuscle, when isolated^ 
is often surroqnded by a sort of sheath of small nude* 
ated cells. 
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The nerve fibres (fig. 55) of the crayfish are remarkable 
for th6 large size which some of theiii attain. In the 
central nervous system a few reach as much as l-200th of 
an inch'' in diameter; and fibres of l-300th or l-400th of 



Pig. 54. — Astacns fluviatllia. — A, one of tfie (double) abdoxni&al gan- 
glia, with the nerves ooihiected with it ( x 25) ; B, a nerve odl or 
ganglionic corpuscle ( x 250). a, sheath of the nerves ; c, sheath 
<. of the ganglion ; ao, co\ commissural cords connecting the ganglia 
with those- in front, and those behind them. glx. points to the 
ganglionic corpuscles of the ganglia ; nerve fibres. 

an inch in diameter are not rare in the main branches. 
Each fibre is a tube, formed of a strong and elastic, some- 
times fibrUlated, sheath, in which nuclei are imbedded 
at irregular intervals ; and, when the nerve trunk gives 




NERVOUS TISSUE. 


189 


off a branch, more or f^wer of these tubes divide, sending 
off a j)rolongationinto eacii branch. ^ 

When quite fresh, the contents of the tubes are 
fectlj^ pellucid, and without the least indication of struc- 
ture ; and, from the manner in which the contents 



Fig. 65 . — AhtaevK fluiuatiUs , — Three nerve fibres, with the fonnective 
tissue in which they are imbedded (magnified about 250 diameters); 
n, nuclei. 

exude from the cut ends "of the tubes, it is evident that 
they consist of a fluid of gelatinous consistency. As the 
fibre ^es, and under the influence of wRter and of many 
chemical re-agents, the contents^'hreak up into globules 
or bvseome turbid and finely granular. 

Wliere motor nerve fibres termindte in ih^ muscles to 
which they are distributed, tlie sheath of each fibre 
becomes continuous with tlie sarcolemma of the muscle, 
and the subjacent protoplasm is commonly raised into a 
small prominence which contains several nuclei (fig. 52, F). 
These are called the terminal or,??iotor pJaics. 
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6, 7. The ova and the gpermatQzoa have already been 
described (pp. 182 — 135). ‘ t 

It will be observed tliat the blood corpuscles, the 
epithelial tissues, the ganglionic corpuscles, the ova 
and the spermatozoa, are all demonstrably nucleated 
cells, more or less modified. The first form of con- 
nective tissue js so similar to epithelial tissue, that it may 
obviously be regarded as an aggregate of as many cells as 
it presents nuclei, the matrix representing the more or 
less modified and confluent bodies of the cells, or products 
of these. But if this be so, then, the second and third 
forms have a similar composition, except so far as the 
matrix of the cells has become fibrillated, or vacuolated, 
or marked off into masses corresponding with file several 
nuclei. By a parity of reasoning, muscular tissue may 
also be considered a cell aggregate, in which the inter- 
nuqlear substance has become converted into striated 
muscle; while, in the nerve fibres, a like process of 
metamorphosis may have given rise to the pellucid 
gelatinous nerve substjince. But, if we accept the 
conclusions thus suggested ^by the comparison of the 
*^various tissjies witb one another, it follows that every 
histological element, which has now been mentioned, 
is either a simple nucleated cell, a modified nucleated 
cell, or a more or less modified cell aggregate. In 
^ other words, ^ery tissue is resolvable into nucleated 
cells. 




Fig. — Astacus flnviatUls, — The^j^tructure of the cuticle. trans- 
verse section of a joint of the forceps ( ;$ 4) ; s, setsB ; By a por- 
tion of the same ( x ;}0) ; C, a portion of B more higli^ly magnified. 
Uy epiostracum ; hy ectostracum ; Cy endostracum ; dy canal of seta ; 
€, canals filled with air ; <f, seta. 2>, section of an interstemal 
membrane of the abdomen, the portion tc> the right in the natural 
condition, the remainder pulled apart with needles ( x 20) ; A', 

small portion of the same, highly magnified ; dy intermediate sub- 
stance ; hy lamina}. F, a seta, highly magnified ; a and 5, joints. 
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A notable exception to this generalisation, however, 
obtaihs in the case of the cuticular itructnres, in which 
no cellular components are discoverable. In its simplest 
form, %uch as that presented by the lining of the in- 
testine, the cuticle is a delicate, transparent membrane, 
thrown oS from the surface of the subjacent cells, either 
by a process of exudation, or by the chemical transfor- 
tfiation of thecr superficial layer. No pores are discern- 
ible in this membrane, but scattered over its surface 
there are oval patches of extremely minute, sharp conical 
processes, which are rarely more than 1-5, 000th of an 
inch long. Where the cuticle us thicker, as in the 
stomach and in the exoskeleton, it j^resents a stratified 
appearance, as if it were composed of a number of laminse, 
of varying thickness, which had been successively thrown 
off from the subjacent cells. 

Where the cuticular layer of the integument is un- 
calcified, for example, between the sterna of the abdo- 
minal somites, it presents an external, thin, dense, 
wrinkled lamina, the epiostracurriy followed by a soft 
substance, which, on vertical section, presents numerous 
alternately more transparent and more opaque bands, 
which ruiY parallel' with one another and with the free 
surfaces of the slice (fig. 66, D). These bands are very 
close-set, often not^ more than l-5000th of an inch apart 
near the outer and the inner surfaces, but in the middle 

c 

of the section they are more distant. 

If a thin vertical slice of the soft cuticle is gently 
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pulled with needles in ’the direction of its depth, it 
stretches to eight ^r ten times its previous diameter,, 
the clear intervals between the dark bands becoming 
proportionally enlarged, especially in the middle of the 
slice, while the dark bands themselves become apparently 
thinner, and more sharply defined. The dark bands 
may then be readily drawn to a distance of as much as 
l-800th of an inch from one another ; but 9 the slice is. 
stretched further, it splits along, or close to, one of the 
dark lines. The whole of the cuticular layer is stained 
by such colouring matters as htematoxylin ; and, as tlie 
dark bands become move deeply coloured than the inter- 
mediate transparent substance, the transverse stratifi- 
cation is made veiy manifest by this treatment. 

Examined with a high magnifying power, the trans- 
parent substance is seen to be traversed by close-set, 
faint, vertical lines, while the dark bands are shown to 
be produced by the cut edges of delicate lamiiifle, having; 
a finely striated appearance, as if they were composed, 
of delicate parallel 'wavy fibrillie. 

In thei calcified parts of the exosKeleton a thin, tough, 
wrinlclefl epiostracum (fig. 6G| B, a), and, subjacent to 
this, a number of alternately lighter and darl^r strata 
are similarly discernible : though all but the innermost 
laminie are hardened by a deposit of, calcareous salts, 
which are generally evenly diffused, but sometimes take 
the shape of rounded masses with irregular contours. 

Immediately beneath the epiostracum, ^there is a zone 
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which may occupy a sixth oi^ a seventh of the thickness 
of the whole, which is more transparent than the rest, 
and often presents hardly any trace of horizontal or 
vertical striation. When it appears laminated, the strata 
are very thin. This zone may be distinguished as the 
ectostracum (6), from the endostracum (c), which makes 
up the rest of the exoskeleton. In the outer part of the 
endostracum^ the strata are distinct, and may be as much 
as 1 -500th of an inch thick, but in the inner part they 
become very thin, and the lines which separate them 
n^ay be not more than l-8000th of an inch apart. 
Fine, parallel, close-set, vertical Atrise (e) traverse all the 
strata of the endostracum, and may usually be traced 
through the ectostracum, though they are always faint, 
and sometimes hardly discernible, in this region. When 
a high magnifying power is employed, it is seen that 
these striae, which are about l-7000th of an inch apart, 
are not straight, but that they present regular short un- 
dulations, the alternate convexities and concavities of 
which cori’espond with the light and the da^-k bands 
respectively. 

If the hard exoskeletoif has been allowed to become 
partially ’’or wholly dry before the section is made, the 
latter will look white by reflected and black by trans- 
mitted light, in consequence of the places of the striie 
being taken^ by threads of air of such extreme tenuity, 
that they may measure not more than 1-30, 000th of an 
inch in diameter. It is to be concluded, therefore, that 
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the stzise are the optical fiidications of parallel undulating 
canals which traverse the successive strata of the cuticle, 
and are ordinarily occupied by 'a fluid. When this^dries 
up, the surrounding air enters, and more or less com- 
pletely Alls the tubes. And that this is really the case 
may be proved by making very thin sections parallel with 
the face of the exoskeleton, for these exhibit innumerable^ 
minute perforations, set at regular distances from one 
another, which correspond with the intervals between the 

striffi in the vertical section ; and sometimes the contours 

• ♦ 

of the areffi which separate the apertures are so we^l 
defined as to suggest •a pavement of minute angular 
blocks, the comers of which do not quite meet. 

When a portion of the hard exoskeleton is decalcified, 
a chitinous substance remains, which presents the same 
structure as that just described, except that the epios- 
tracum is more* distinct ; while the ectostracum appears 
made up of very thin laminae, and the tubes are repre- ’ 
sented by delicate striae, which appear coarser in the 
region of the dark zones. As in the naturally soft parts 
of the exoskeleton, the decalcified 'cuticle may be split 
into flakes, and the pores are *then seen to be disposed 
in distinct areae circumscribed by clear potygonal*borders. 
These perforated areae appear to correspond with indi- 
vidual cells of the ectoderm, and the canals thus answer 
to the so-called “ pore-canals,” which are common in 
cuticular structures and in the walls of many cells- 
which bound free sui-faces. • 
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The \7h0le exoskeleton of the crayfish is, in fact, 
produced by the cells which underlie it, either by the 
exudation of a chitinous substance, which subsequently 
hardens, from them; or, as is more probable, by the 
chemical metamorphosis of a superficial zone of the 
bodies of the cells into chitin. However this may be, 
the cuticular products of adjacent cells at first form a 
simple, continuous, thin pellicle. A continuation of the 
process by which it was originated increases the thick- 
ness of the cuticle ; but the material thus added to the 
inner surface of the latter is not always of the same 
nature, but is alternately denser and softer. The denser 
material gives rise to the tough laminse, the softer to 
the intermediate transparent substance. But the quan- 
tity of the latter is at first very small, whence the more 
external laminae are in close apposition. Subsequently 
the quantity of the intermediate substancfe increases, and 
gives rise to the thick stratification of the middle region, 
while it remains insignificant in the inner region of the 
exoskeleton. « 

The cuticular strivctures of the crayfish differ from 
the nails, hairs, hoofs, aead similar hard parts' of the 
higher afiimals, insomuch as the latter consist of aggi'ega- 
lions of cells, the bodies of which have been metamor- 
phosed into horny matter. The cuticle, with all its 
dependencies), on the contrary, though no less dependent 
on cells for its existence, is a derivative product, the 
formation of which does not involve the complete meta- 
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morphosis and consequent destruction of the cells to 
which it owes its omgin. * • 

The calcareous salts by which the calcified exoskeleton 
is hardened can only be supplied by the infiltratioit of a 
fluid in which they are dissolved from the blood ; while 
the distinctive structural characters of the epiostracum, 
the ectostracum, and the endostracum, are the results of 
a i^rocess of metamorphosis which goes jpassu with 

this infiltration. To what extent this metamorphosis is 
a properly vital process ; and to what extent it is explic- 
able by th6 ordinary physical and chemical properties of 
the animal membrane pn the one hand, and the mineilil 
salts on the other, is a chrious, and at present, un- 
solved problem. 

The oiitw surface of the cuticle is rarely smooth. 
Generally it is more or less obviously ridged or tubercu- 
lated; and, in. addition, presents coarser or finer hair- 
like processes which exhibit every gradation from a fine 
microscopic down to stout spines. As these processes, 
though go similar to hairs in general appearance, are 
essentis^y different from the strucjbures known as hairs 
in the. higher animals, it is ]j|etter to speak of them as 
•setcd. • ^ 

These setse (fig. 66, F) are sometimes short, slender, 
conical filaments, the surface of which is quite smooth ; 
sometimes the surface is produced into minute serra- 
tions, or scale-like prominences, disposed in two or more 
series ; in other setae, the axis gives off slender lateral 
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branches ; and in the most compjicated form the branches 
are ■ornamented with laterah branchjets. For a certain 
distance from the base of the seta, its surface is usually 
smooth, even when the rest of its extent is ornamented 
with scales or branches. Moreover, the basal part of the 
seta is marked off from its aj)ical moiety by a sort of 
joint which is indicated by a slight constriction, or by a 
^peculiarity ip the structure of the cuticula at this point. 
A seta almost always talces its origin from the bottom of 
a depression or pit of the layer of cuticle, from which it is 
developed, and at its junction with tlie latter it is generall}’’ 
thin and flexible, so that the seta moves easily in its 
socket. Each seta contains a cavity, the boundaries of 
which generally follow the outer contours of the seta. In 
a good many of the setae, however, the parietes, near the 
base of the seta, are thickened in such a manner as 
almost, or completel}”, to obliterate tliQ. central cavity. 
However thick the cuticle may be at the point from 
which the setae take their origin, it is always traversed 
by a funnel-shaped canal (fig. 56, B, d), which usually 
expands beneath the base of the seta. Through this 
canal the subjacent ectodepn extends up to the base of 
the seta,^. and can even be traced for some distance into 
its interior. 

It has already been mentioned that the apodemata and 
the tendons of the muscles are infoldings of the cuticle, 
embraced add secreted by corresponding involutions of 
the ectoderm. 
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Thus the body of the.craylish is resolvable, in the first 
place, into a repetition of similar segments, the meiamereSf 
each of which consists of a somite and two appendages ; 
the metameres are built up out of a few simple iksues ; 
and, finally, the tissues are cither aggregates of more or 
less modified nucleated cellsy or are products of such cells. 
Hence, in ultimate morphological analysis, the crayfish 
is a multiple of the histological unit, the nupleated cell.® 

What is true of the crayfish, is certainly true of all 
animals, above the very lowest. And it cannot yet be con- 
sidered cd^tain that the generalisation fails to hold good 
even of the simplest lyanifestations of animal life ; sifice 
recent investigations have fiemonstrated the presence of 
a nucleus in organisms in which it had hitherto appeared 
to be absent. 

However this may be, there is no doubt that in the 
case of man ,and of all vertebrated animals, in that 
of all arthropods, moUusks, echinoderms, worms, and 
inferior organisms down to the very lowest sponges, the 
process of moi'phological analysis yields the same result 
as in tile case of the crayfish, yhe body is built up of 
tissue®, and the tissues are ^ither obviously composed of 
nucleated cells ; or, from the presence of n^^clei, they 
may be assumed to be the results of the metamoi^hosis 
of such cells ; or they are cuticular structures. 

The essential character of the nucleated cell is that it 
consists of a protoplasmic substance, one *part of which 
differs somewhat in its physical and chemical characters 
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from the rest, and constitutes the nucleus. What part 
•the nucleus iilays in relatioii to thar functions, or vital 
•activities, of the cell is as yet unknown ; but that it is 
the s^t of operations of a different character from those 
which go on in the body of the cell is clear enough. 
For, as we have seen, however different the several 
tissues may be, the nuclei which they contain are very 
hiuch alike whence it follows, that if all these tissues 
were primitively composed of simple nucleated cells, it 
must be the bodies of the cells which have undergone 
metamorphosis, while the nuclei have rfcmdined rela- 
ti^^cly unchanged. , 

On the other hand, whe6 cells multiply, as they do 
ih all growing parts, by the division of one cell into two, 
the signs of the process of internal change •which ends 
in fission are apparent in the nucleus before they are 
manifest in the body of the cell; and, , commonly, the 
divisiop of the former precedes that of the latter. Thus 
a single cell body may possess two nuclei, and may be- 
come divided into two cells by the subsequent aggrega- 
tion of the two moi(;ties of its protoplasmic sijibstance 
round each of them, as a ce^itre. 

In some cases, Wery singular structural changes take 
•place in the nuclei in the course of the process of cell- 
division. • The granular or fibrillar contents of the 
nucleus, the wall of which becomes less distinct, arrange 
'themselves in the form of a spindle or double cone, 
•formed of extremely delicate filaments ; and in the plane 
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of the base of the doubly cone the filaments present knots 
or thickenings, ju|t as if they were so many threads with 
a bead in the middle of each. When the nuclear spindle 
is viewed sideways, these beads or thickenings give rise 
to the appearance of a disk traversing the centre of the 
spindle. Soon each bead separates into two, and these 
move away from one another, but remain connected by a 
fine filament. Thus the structure which Ijpd the fornuof 
a double cone, with a disk in the middle, assumes tliat of 
a short C3dinder, with a disk and a cone at each end. But 
as the distance between the ^wo disks increases, the 
uniting filaments lose their parallelism, converge in •the 
middle, and finally separate, so that two separate double 
cones are developed in place of the single one. Along 
with thesa changes in the nucleus, others occur in the 
protoplasm of the cell body, and its parts commonly dis- 
play a tendency to arrange themselves in radii from the 
extremities of the cones as a centre; while, as the separa- 
tion of the two secondary nuclear spindles becomes coni- 
I)lete, the cell body gradually splits from the periphery 
inwards, in a direction at right angles to the common 
axis* of the spindles and between their apices. Thus 
two cells are formed, where, previously, only one existed ; 
and the nuclear spindles of each soon revert to the 
globular form and confused arrangement of tlie con- 
tents, characteristic of nuclei in tlieir ordinary state. 
.The formation of these nuclear spindled is veiy beau- 
itifully seen in the epithelial cells of the testis of the 
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crayfish (fig. 83, p. 132) ; but I h^ve not been able to find 
distinct evidence of it elsewhere in^this animal; and 
although the process has now been proved to take place 
in all yie divisions of the animal kingdom, it would seem 
that nuclei may, and largely do, undergo division, without 
becoming converted into spindles. 

The most cursory examination of any of the higher 
plants shows that the vegetable, like the animal body, 
is made up of various kinds of tissues, such as pith, 
woody fibre, spiral vessels, ducts, and so on. But even 
the most modified formal of vegetable tissue depart so 
littie from the type of the simple cell, that the reduction 
of them all to that common tj'pe is suggested still more 
strongly than in the case of the animal fabric. And 
thus the nucleated cell appears to be the morphological 
unit of the plant no less than of the animal. Moreover, 
recent inquiry has shown that in the qpurse of the 
multiplication of vegetable cells by division, the nuclear 
spindles may appear and run through all their remark- 
able changes by stages precisely similar to those which 
occur in animals. , 

I • 

The question of the universal presence of nuclei in 
' cells may be left open in the case of Plants, as in that 
of Animals; but, speaking generally, it may justly be 
affirmed that the nucleated cell is the morphological 
foundation of both* divisions of the living world ; and 
the great generalisation of Schleiden and Schwann^ 
that there is a fundamental agreement in structure and 
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development between jplants and animals, has, in sub- 
stance, been mejely confirmed and illustrated |)y the 
labours of the half century which has elapsed since its 
promulgation. , 

Not only is it true that the minute structure of the 
crayfish is, in principle, the same as that of any other 
animal, or of any plant, however different it may be in 
detail ; but, in all animals (save some exceptional foiijis) 
above the lowest, the body is similarly composed of 
three layers, ectoderm, mesoderm, and endoderm, dis- 
posed around a central alimentary cavity. The ectoderm 
and the endodenn always retain their epithelial charaoter ; 
while the mesoderm, whkh is insignificant in the lower 
organisms, becomes, in the higher, far more com^dicated 
even than it is in the crayfish. 

Moreover, in the whole of the Arthropoda, and the 
whole of th^ Vertebrata, to say nothing of other groups 
of animals, the body, asi in the crayfish, is susceptible 
of distinction into a series of more or less numerous 
segments, composed of homologous parts. In each 
segment these parts are modified according to physio- 
logical requirements ; and by the coalescence, segrega- 
tion, and change of relative size .and position of the^ 
segments, well characterized regions of the body are 
marked out. And it is remarkable that precisely the 
same principles are illustrated \)y the morphology oi 
plants. A flower with its whorls of* sepals, petals, • 
stamens and carpels has the same relation to a stem 
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with its whorls of leaves, as a crayfish’s head has to its 
abdoxpen, or a dog’s skull to its thorax. 

It may be objected, however, that the morphological 
generalisations which have now been reached, are to a 
considerable extent of a speculative character; and that, in 
the case of our crayfish, the facts warrant no more than 
the assertion ^hat the structure of that animal may be 
consistently interpreted, on the supposition that the body 
is made up of homologous somites and appendages, and 
that the tissues are the • result of the modifitsation of 
homologous histological elements or cells ; and the ob- 
jection is perfectly valid. 

There can be no doubt that blood corpuscles, liver 
cells, and ova are all nucleated cells ; nor any that the 
third, fourth, and fifth somites of the abdomen are con- 
structed upon the same plan ; for these propositions are 
mere statements of the anatomical facts. But when, from 
the presence of nuclei in connective tissue and muscles, 
we conclude that these tissues are composed of modified 
cells ; or when we say* that the ambulatory limbs of the 
thorax are of the same type as the abdominal limbs, the 
exopodite being suppressed, the statement, as the evi- 
dence stands at present, is no more than a convenient 
way of interpreting the facts. The question remains, 
has the muscle actually been formed out of nucleated 
cells? Has the ambulatory limb ever possessed an 
exopodite, and lost it ? 
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The answer to these* questions is to he sought in the 
facts of individual^and ancestral development. 

An animal not only is^ but becomes ; the crayfish is the 
product of an egg, in which not a single structure 'visible 
in the adult animal exists : in that egg the different tissues 
and organs make their appearance by a gradual process of 
evolution ; and the study of this process can alone tell 
us whether the unity of composition suggested by tlie 
comparison of adult structures, is borne out by the facts 
of their^ development in the individual or not. The 
hypothesis that the body of the crayfish is made up of a 
series of homologous somites and appendages, and that 
all the tissues are composed of nucleated cells, might be 
only a permissible, because a useful, mode of colligating 
the facts 'of anatomy. The investigation of the actual 
manner in which the evolution of the body of the crayfish 
has been effected, is the only means of ascertaining 
whether it is anytliiiig more. And, in this sense, deve- 
lopment is the criterion of all morphological speculations. 

The first obvious change which takes place in an im- 
precated ovum is the breaking up of the yelk into , 
smaller portions, each of which is provided wi^i a nucleus, 
and is termed a hlaatomere. In a general morphological 
sense, a blastomere is a nucleated cell, and differs from 
an ordinary cell only in size, and in the usual, though by 
no means invariable, abundance of granular contents ; 
and blastomeres insensibly pass intq ordinary cells, as 



206 THE MORPHOLOGY OF THE COMMON CRAYFISH. 


the process of division of the yelk into smaller and 
smaller portions goes on. ' 

In a j^eat many animals, the splitting-up into blasto- 
meres is effected in such a manner that the yelk is, at 
first, divided into equal, or nearly equal, masses ; that 
each of these again divides into two ; and that the number 
of blastomeres thus increases in geometrical progression 
until the entii^fe yelk is converted into a mulberry-like 
bod}^ termed a viorula, made up of a great number 
of small blastomeres or nucleated cells. whole 

orgmiism is subsequently built up by tlie multiplication, 
the change of position, and tlje metamorphosis of these 
products of 3^elk division. 

In such a case as this, yelk division is said to be 
complete. An unessential modification of complete yelk 
division is seen when, at an early period, the blastomeres 
produced by division are of unequal sizes ; or when they 
become unequal in consequence of division taking place 
much more rapidly in one set than in another. 

In many animals, especially those which have large 
ova, the inequality of division is pushed so far that only 
portion of the j^elk is affected by the process of fission, 
while the r^rst serves merely as food-yelk, for nutriment 
to the blastomeres thus produced. Over a greater or 
less extent of the surface of the egg, the protoplasmic 
substance of the yelk segregates itself from the rest, 
and, constituting a germinal layer, breaks up into the 
blastomeres, which jnultiply at the expense of the food- 
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yelk, and fabricate the '6ody of the embryo. This process 
is termed partial dt incomplete yelk division. 

The crayfish is one of those animals in the egg of 
which the yelk undergoes partial division. The first 
steps of the process have not j^et been thoroughly worked 
oujt, but their result is seen in ova which have been but 
a short time laid (fig. 57, A). In such eggs, the grejit 
mass of the substance of the vitellus is deStined to play 
the part of food-yelk ; and it is disposed in conical 
masses, which radiate from a central spheroidal portion 
to the periphery of the yelk (r). Cori'esponding with J;he 
base of each cone, there is a clear protoplasmic plate, 
which contains a nucleus ; and as these bodies are all 
in contact by their edges, they form a complete, tliough 
tliin, investment to the food-yelk. This is termed the 
blastoderm (hi)* 

Each nucleated protoplasmic plate adheres firmly to 
the corresponding cone of granular food-yelk, and, in all 
probability, the two togetlier represent a blastomere; 
but, as the cones only indirectly subserve the growth of 
the embiyo, wdiile the nucleated 'peripheral plates form 
an independent spherical sac, out of which the bodj^^ of 
the young crayfish is gradually fashioned, it i^ill be con- 
venient to deal vrith the latter separately. 

Thus, at this period, the body of tho developing crayfish 
is nothing but a spherical bag, the thin walls of which are 
composed of a single layer of nucleated cells, while its 
cavity is filled with food-yelk. The:> first modification' 




Fia 57.— Astamis Diflfframmatic secUonR of embryos ; partl:^ after Belclienbach, partly 

original (x 20). A. An ovum in which the blastoflenii is just formM. B. An omm in which 
the invagination of the blaatodem to constitute tlic h 3 ’’poblast or rudiment of the mid-cut half 
taken place. (This nearly answers to the stage represented in fig. 68, A.) C. A longitudinal 
section (tf an ovjim, in which the rudiments of the abdomen, of the hind-gut, and of the fore- 
< gut have 'appeared. (This nearly answers to the stage represented in fig. 58, 1). A similar 

section of an embiyo in nearly the same sta^ of development as that represented in C, flg. 69. 
R An embryo Just hatched, In longitudinal section ; a, anus ; bl. blastoderm : blasto- 

pore; e, eye; ip.A, epiblast ; >1;', fore-gut ; its oesophageal, and/ff*. Its gastrlo portion; 
»,*heart ; hg^ hmd-gut ; », ifiouth ; mg, hypoblast, archenteron, or mid-gut ; v, yelk. The 
doti^ portions in I) and R represent the nervous system. 
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wHcii IS effected in the«vesicjdar blastoderm manifests 
itself on that face o^it vrhicU is turned towards the pedicle 
of the egg. Here the layer of cells becomes thickened 
throughout an oval area about l-25th of an in^h in 
diameter. Hence^ when the egg is viewed by reflected 
li^ity a whitish patch of corresponding form and size 
appears in this region. This may be termed the ger- 
minal disk. Its long axis corresponds with that of thb 
future crayfish. 

Next, a depression (fig. 58, A, hp) appears in the hinder 
third of tlTe germinal disk, in eonsequence of this part 
of the blastoderm gro^png inwards, and thus giving riSe 
to’ a small wide-mouthed pduch, which projects into the 
food-yelk with which the cavity of the blastoderm is 
filled (fig. 6?, B, mg). As this infolding, or invagination 
of the blastoderm, goes on, the pouch thus produced 
increases, while its external opening, termed the blasto- 
pore (fig. 57, B, and 58, A^ — ^E, bp), diminishes in size. 
Thus the body of the embryo crayfish, from being a 
simple bag becomes a double bag, such as might be 
produced by x^^shing in the wal^ of an incompletely 
distended india-rubber ball ^th the finger. And, in 
this case, S the interior of the bag contained porridge, 
the latter would very fairly represent the food-yelk. 

By this invagination a most important step has 
been taken in the development of t£e crayfish. For, 
though file pouch is nothing but an ingro^h of part of 
the blastoderm, the cells of which its wall is composed 




Fio. C8 . — Antaeus flvMatilia , — Surface viewB of the earlier stages iu the development of 
the embryo, from the appearance of the blastopore (A) to the assumption of the 
iiaupliuB fom (F) (alter Relchenbacb, x about 28). bp, blastopore ; c, carapace ; fg, 
fore-gut involution ; A, heart ; ftg, hind-gut involution ; lb, labrum ; mg, medulla^ 
groove ; o, optic pit ; §, endodermal plug partly filling up the blastt^ore ; pc, pro- 
cephalic processes ; to, abdominal eievatiDn: outennules; S, antennae A, man- 
dibles. ^ 
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henceforward exhibit different tendencies from those 
which are possessed by thb rest of the blastoderm? In 
fact, it is the primitive alimentary apparatus or archen^ 
teron, and its wall is termed the hypoblast. The ffest of 
the blastoderm, on the contrary, is the jirimitive epider- 
mis, and receives the name of epihlast. If the food- 
yelk were away, and the archenteron enlarged until the 
h3^poblast came in contact with the epiblaat, the entire 
body would be a double-walled sac, containing an ali- 
mentary cavity, with a single external ax^erture. This is 
the gastrukt condition of tlie emfbryo ; and some animals, 
such as the common fresh-water polyx)e, are little more 
than permanent gastrula* • 

Although the gastrula has not the slightest resem- 
blance to crayfish, yet, as soon as the hypoblast and 
the epiblast are thus differentiated, the foundations of 
some of the most important systems of organs of the 
future crustacean are laid. • The hypoblast will give rise 
to the epithelial lining of the mid-gut; the epiblast 
(which answers to the ectoderm in the adult) to the 
epithelia of the fore-gut and hind-gut, to the epidermis, 
and the central nervous system. 

The mesodermal structures, that is to say«the con- 
nective tissue, the muscles, the heart and vessels, and 
the reproductive organs, which lie between the ectoderm 
and the endoderm, aie not derived directly from either 
the epiblast or the hypoblast, but have a. guast-independent 
ongin, from a mass of cells which first makes its appear* 
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ance in the neighbourhood of thd blastopore, between the 
hypdblast and the epiblast,* though# they are probably 
derived from the former. From this region they gradu- 
ally Spread, first over the sternal/ and then on to the 
tergal aspect of the embryo, and constitute the meaohlast, 

Epiblast, hypoblast, and mesoblast are at first alike 
constituted of nothing but nucleated cells, and they in- 
crease in dimensions by the continual fission and growth 
of these cells. The several layers become gradually 
modelled into the organs which they constitute, before 
the cells undergo any iVbtable modification iflto tissues. 
A hmb, for example, is, at first, a* mere cellular out- 
growth, or bud, composed 8f an outer coat of epiblast 
with an inner core of mesoblast ; and it is only subse- 
quently that its component cells are metamorphosed into 
well-defined epidermic and connective tissues, vessels and 
muscles. c 

The embryo crayfish remains only a short while in 
the gastrula stage, as the blastopore soon closes up, and 
the archenteron takes the form of a sac, flattened out 
between the epiblast%and the food-yelk, with which its 
cells are in close contact (^. 57, C and D).* Indeed, as 
development proceeds, the cells of the hypoblast actually 
feed upon the substance of the food-yelk, and tm*n it to 
account for the general nutrition of the body. 

* Whether, fis some observers state, the hypoblastic cdls grow over 
and inclose the food-yelk or not, is a question that may be leit open. 1 
have not been able to satisfy myself of this fact. 
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The sternal area of* the embryo gradually enlarges 
until it occupies qpe hemisphere of the yelk; in t>ther 
words^ the thickening of the epiblast gradually extends 
outwards. Just in front of the blastopore, as it SLoses, 
the middle of the epiblast grows out into a rounded 
elevation (fig. 58, t a; fig. 69, ah), which rapidly increases 
in length, and at the same time turns forwards. This 
is the rudiment of the whole abdomen ofithe crayfish. 
Further forwards, two broad and elongated, but flatter 
thickenings appear ; one on each side of the middle line 
(fig. 58, pi). As the free end^f the abdominal papilla 
now marks the hinder extremity of the embryo, so fto 
these two elevations, whicll are termed the procephalic 
lobes, define its anterior termination. The whole sternal 
region of the body will be produced by the elongation of 
that part of the embryo which lies between these two 
limits. • 

A narrow longitudinal groove-like depression appears 
on the surface of the epiblast, in the middle line, between 
the procephalic lobes and the base of the abdominal 
papilla ^fig. 58, C — F, m g). About its centre, this groove 
becomes further depressed the ingrowth of the epi- 
blast, which constitutes its floor, and gives ^ise to a 
short tubular sac, which is the rudiment of the whole fore- 
gut (fig. 67, C, and fig. 68, 'E,fg). At first, this ^piblastic 
ingrowth does not communicate with the archenteron, but, 
after a while, its blind end combines with Ihe front and 
lower part of the hypoblast, and an opening is formed by 
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which the cavity of the fore-gut* communicates with that 
of the mid-gut (fig. 57, E). Thus a gullet and stomach, 
or rather the parts which will eventually give rise to all 
thesef are constituted. And it is important to remark 
that, in comparison with the mid-gut, they are, at first, 
very small. 

In the same way, the epiblast covering the sternal face 
oi the abdominal papilla undergoes invagination and is 
converted into a nan’ow tube which is the origin of the 
whole hind-gut (fig. 57, C, and fig. 58, E, hg). This, like 
the fore-gut, is at first blkid ; but the shut froift end soon 
applying itself to the hinder wall lof the archenteric sac, 
the two coalesce and open into one another (fig. 57, E). 
Thus the complete alimentary canal, consisting of a very 
narrow, tubular, fore- and hind-gut, derived from the 
epiblast, and a wider and more sac-like mid-gut, formed 
of the whole hypoblast, is constituted. • 

The procephalic lobes beeome more convex; while, 
behind them, the surface of the epiblast rises into six 
elevations disposed in pairs, one on each side of the 
median groove. The^ hindermost of these, wliich lie at 
the sides of the mouthy are the rudiments of the 
mandibles (fig- 58; E and F, ^ ) ; the other two become 
the antennie (S) and the antennules [2), while, at a later 
period, processes of the procephalic lobes give rise to the 
eyestalks. 

A short distance behind the abdomen, the epiblast 
rises into a transverse ridge, which is concave forwards. 
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while its ends are prolonged on each side nearly as far 
as the mouth. This is the commencement of ihfi free 
edge of the carapace (fig. 68, E and F, and fig. 69, A, c) 
— the lateral parts of which, greatly enlarging, become 
the branchiostegites (fig. 69, D, o). 

In many animals allied to crayfish, tlie young, when 
it has reached a stage in its development, which answers 
to this, undergoes rapid changes of outwajd form andiof 
internal structure, without making any essential addition 
to the number of the appendages. The appendages which 
represent«the antennules, the a^^teunne, and the mandibles 
elongate and become oar-like locomotive organs ;!» a 
single median eye is (feveloped, and the young leaves the 
'egg as an active larva, which is known as a Naiiplius. 
The crayfigh, on the other hand, is wholly incapable of 
an independent existence at this stage, and continues its 
embryonic life within the egg case ; but it is a remark- 
able circumstance that the cells of the epiblast secrete 
a delicate cuticula, which is subsequently shed. It is 
as if the animal symbolized a nauplius condition by 
the development of this cuticle, as the foetal whalebone 
whale Symbolizes a toothed condition by developing teeth 
which are subsequently lost and pever perform any 
function. 

In fact, in the crayfish, the nauplius condition is soon 
left behind. The sternal disk spreads more and more 
over the yelk ; ns the region between the mouth and 
the root of the abdomen elongates, slight transverse 
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Fia, 59.-^jistacu8 fluvuUil ^.--Ventral (A, B, C, P) and latend (D. E) views of the 
erabrj'o m successive s^es of development (after Katlike, x 16). A is a little more 
advanced than the embryo represented In flg. 68, F : D, E, and F are views of 
the young mi^sh when nearly ready to be hatched : in B, the carapace Is 
removed, and the limbs and abdomen are spread out. 1—14, the cephjilic and 
ihorecic append^s ; ah, abdomen ; hr, branchito; c, carapace ; ep, epipodite< 
ofthe aret manlllpedojw, green gland; », heart; lb, Ubrum ; Ir; Um; m, 
mandibular muscles. * ’ * ^ 
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depressions indicate the boundaries of the posterior 
cephalic and the thoracic somites ; and pairs of eleva- 
tionsy similar to tlie rudiments of the autennules and 
antennsBi appear upon them in regular order from before 
backwards (fig. 59, C). 

In the meanwhile, the extremity of the abdomen 
flattens out and takes on the form of an oval plate, 
the middle of the posterior margin of wh^^h is slightly 
truhcated or notched ; while, finally, transverse constric- 
tions mark off six segments, the somites of the abdomen, 
in front ot this. Along with ^Jiese changes, four pairs 
of tubercles grow out^from the sternal faces of the f«ir 
middle abdominal 6omites,«and constitute the rudiments 
of the four middle pairs of abdominal appendages. The 
first abdoniinal somite exhibits only two hardly percept- 
ible elevations in place of the appendages of the others, 
while the six^h seems, at first, to have none. The ap- 
pendages of the sixth somite, however, are already formed, 
though, singularly enough, they lie beneath the cuticle 
of the telson and are set free only after the first 
ecdysis. 

Tl^e^rostrum grows out between the procephalic lobes ; 
it remains relatively veiy short up toe the time that the 
young crayfish quits the egg, and is directed more down- 
wards than forwards^ The lateral portions of the cara- 
*pacial ridge, becoming deeper, are tonverted into the 
branchiostegites, and the cavities which *they overarch 
are the branchial chambers. The transverse portion of 
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the ridge^ on the other hand, remains relatively short, and 
constitutes the free posterior margin of the carapace. 

As these changes take place, the abdomen and the 
8tem%l region of the thorax are constantly enlarging in 
proportion to the rest of the ovum ; and the food-yelk 
which lies in the cephalothorax is, pari passu, being 
diminished. Hence the cephalothorax constantly becomes 
relatively smaller and the tergal aspect of the carapace 
less spherical; although, even when the young crayfish 
is ready to be hatched, the difference between it and the 
adult in the form of the ^phalothoracic regionf andin the 
siae of the latter relatively to the abdomen, is very marked. 

The simple bud-like outgrowths of the somites, in 
which all the appendages take their origin, are rapidly 
metamorphosed. The eyestalks (fig. 69, 1) ^oon attain 
a considerable relative size. The extremities of the 
antennules (3) and of the antennae (3) become bifurcated ; 
and the two divisions of the antennule remain broad, 
tliick, and of nearly the same size up to birth. On the 
other hand, the inner or endopoditic division of the 
antenna becomes immensely lengthened, and at the same 
time annulated, while' the outer or exopoditic division 
remains relatively ^short, and acquires its characteristiG 
scale-like ^orm. 

The labrum (lb) arises as a prolongation of the middle 
sternal region in front of the mouth, while the bilobed 
metastoma is^an outgrowth of the sternal region be* 
hind it. 
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The posterior cephdlic and the thoracic appendages 
{S — Ids) elongate ^d gradually approach the form which 
they possess in the adult. I have not been able to 
discover, at any period of development, an outer division 
or exopodite in any of the five posterior thoracic limbs. 
And this is a very remarkable circumstance, inasmuch 
as such an exopodite exists in the closely allied lobster 
in the larval state ; and, in many of th^ shrimp and 
prawn-like allies of the crayfish, a complete or rudi- 
mentary exopodite is found in these limbs, even in the 
adult coifdition. * m 

When the crayfish ^ hatched (fig. 60) it differs fronFthe 
adult in many ways — not toly is the cephalothorax more 
convex and larger in proportion to the abdomen ; but the 
rostrum i 9 short and bent down between tlie eyes. The 
sterna of the thorax are wider relatively, and hence there 
is a gi*eater interval between the bases of the legs than in 
the adult. The proportipn of the limbs to one another 
and to the body are nearly the same as in the adult, but 
the chelae of the forceps are more slender. The tips of 
the chelae are all strongly incurved (fig. 8, B, p. 41), and the 
dactylopodites of the twopo|terior thoracic limbs are hook- 
like. The appendages of the first abdominal sojnite are un- 
developed, and those of the last are inclosed within the 
telson, which is, as has already been said, of a broad oval 
form, usually notched in the middle of its hinder margin, 
and devoid of any indication of transver^ division. Its 
margins are produced into a single series of short conical 
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processes, and the disposition of the vascular canals in its 
intericEr gives it the appearance ^of beinp radiaUy striated. 

The set®, so abundant in the adult, are very scanty in 
the ne\ply hatched 3^oung ; and the great majority of those 
lYhich exist are simple conical prolongations of the un- 
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• • 

' calcified cuticle, the bases of which are not sunk in pits 
and which are devoid of lateral scales or processes. 

The young animals are firmly attached to the ab- 
dominal appendages of the parent in the manner already 
described. They are very sluggish, though they move 
when touched ; and at this period they do not feed, but 
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are nourished by the jbod-yelk^ of which a considerable 
store still remain^ in the dephalothorax. • 

I imagine that they are set free during the first ecdysis, 
and. ihat the appendages of the sixth abdominal^omite 
are at that time expanded^ but nothing Is definitely known 
at present of these changes. 

The foregoing sketch of the general «ature of the 
changes which take place in the egg of the crayfish 
suffice to show that its development is, in the strictest 
sense of '‘the word, a process of evolution. The egg is 
a relatively homogeneous mass of living protopla&iic 
matter, containing much^ nutritive material ; and the 
development of the crayfish means the gradual conver- 
sion of this comparatively simple body into an organism 
of great complexity. The yelk becomes differentiated 
into formatinre and nutritive portions. The formative 
portion is subdivided into histological units ; these 
arrange themselves into a blastodermic vesicle ; the blas- 
toderm becomes differentiated into epiblast, hypoblast, 
and i^esoblast ; and the simple v.esicle assumes the gas- 
trula condition. The layei;§ of the gastrula shape them- 
selves into the body of th.e crayfish" and its appendages, 
while along with this, the cells of which all the pai’ts 
are built, become metamorphosed into tissues, each with 
its characteristic properties. And all these wonderful 
changes are the necessary consequences of the interaction 
of the molecular forces resident in the substance of the ' 
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impregnated ovum, with the conditions to which it is 
exposed ; just as the forms evblved frpm a ciystallising 
fluid are dependent upon the chemical composition of 
the dissolved matter and the influence of surrounding 
conditions. 

Without entering into details which lie beyond the 
scope of the present work, something must be said re- 
specting the £nanner in which the complicated internal 
organisation of the craj^sh is evolved from the cellular 
double sac of the gastrula stage. 

It has been seen that the fore-gut is at first" an insig- 
nificant tubular involution of the epiblast in the region 
of the mouth. It is, in fact, a*part of the epiblast turned 
inwai'ds, and the cells of which it is composed secrete a 
thin cuticulor layer, as do those of the rest ef the epi- 
blast, which gives rise to the ectodermal or epidermic 
part of the integument. As the embryo grews, the fore- 
gut enlarges much faster than the mid-gut, increasing 
in height and from before backwards, while its side-walls 
remain parallel, and are separated by only a narrow 
cavity. At length, it t^es on the shape of a triangular 
bag (fig. 57, D, fg), attache^ by its narrow end arotmd 
the moutl^ and immersed in the food-j^elk, which it 
gradually divides into two lobes, one on the right and one 
on the left side. At the same time a vertical plate of 
mesoblastic tissue, Vrom which the great anterior and 
posterior muscles are eventually developed, connects it 
with the roof and with the front wall of the carapace. 
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Becoming constricted in the middle, the fore-gilt next 
appears to consist of two dilatations of about equal *Bize, 
connected by a narrower passage (fig. 57, E, fg^, fg% 
The front dilatation becomes the oesophagus and the 
cardiac division of the stomach ; the hinder one, the 
pyloric division. At the sides of the front end of the 
cardiac division two small pouches are formed shortly 
after birth; in each of these a thick lamimted deposit 
of chitin takes place, and constitutes a minute crab’s- eye 
or gastrolith, which has the same structure as in the 
adult, and is largely calcified. * This fact is the more 
remarkable as, at this time, the exoskeleton contains ve\*y 
little calcareous deposit. In the position of the gastric 
teeth, folds of the cellular wall of corresponding shape 
aro formed,^ and the chitinous cuticle of which the teeth 
ai’e composed is, as it were, modelled upon them. 

The hind-gut occupies the whole length of the abdo- 
men, and its cells early* arrange themselves into six 
ridges, and secrete a cuticular layer. 

The mid-gut, or hypoblastic sac, very soon gives off 
numergus small prolongations on each side of its hinder 
extremity, and these are co$Lverted into the csBca of the 
liver (fig. 57, E, mgf). The cells of its tergal p^trall are in 
close contact with the adjacent masses of food-yelk ; and 
it is probable that the gradual absorption of the food- 
yelk is chiefly effected by these cells. At birth, however, 
the lateral lobes of the food-yelk are still large, and 
occupy the space left between the stomach and liver 
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on the one hand, and the cepLalic integument on the 
other. ‘ j 

The mesoblastic cells give rise to the layer of con- 
nectite tissue which forms the deeper portion of the 
integument, and to that which invests the alimentary 
canal ; to all the muscles ; and to the heart, the vessels, 
and the corpuscles of the blood. The heart appears 
vfeiy early m a solid mass of mesoblastic cells in the 
tergal region of the thorax, just in front of the origin 
of the abdomen (figs. 67, 68, 69, h). It soon be- 
comes hollow, and its iwalls exhibit rhythlnioal con- 
trkctions. 

The branchiaB are, at first, dimple papillm of the integu- 
ment of the region from which they take their rise. 
These papillae elongate into stems, which giwe off latera) 
filaments. The podobranchite are at first similar to the 
arthrobranchiee, but an outgrowth soon takes place near . 
the free end of the stem, and. becomes the lamina, while 
the attached end enlarges into the base. 

The renal organ is stated to arise by a tubular involu- 
tion of the epiblast, which soon becomes convoluted, pnd 
gives rise to the green glan(^. • 

The ccjptral nervous system is wholly a product of the ' 
epiblast. The cells which lie at the sides of the longi- 
tudinal groove already mentioned (fig. 68, mg), grow in- 
wards, and give nse to two cords which are at first 
separate front one another and continuous with the rest 
of the epiblast. At the front end of the groove a 
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depressij^n arises^ and Its cells form a mass which con-* 
nects these two cgrds in front of the mouth, and 'gives 
rise to the cerebral ganglia. The epiblastic linings of 
two, small pits (fig. 58, o) which appear very early dn the 
surface of the procephalic lobes, are also carried inwards 
In the same way, and, uniting with the foregoing, 
produce the optic ganglia. 

The cells of the longitudinal cords become diflm’- 
entiated into nerve fibres and nerve cells, and the latter, 
gathering towards certain points, give rise to the ganglia 
which evehtually unite in the middle line. By degrees, 
the ingrowth of epiblastic cells, from which all these struc- 
tures are developed, beconies completely separated from 
the rest of the epiblast, and is invested by mesoblastic 
cells. The (Antral nervous system, tlierefore, in a crayfish, 
as in a vertebrated animal, is at first, as a part of the 
ectoderm, morphologically one with the epidermis; and the 
deep and protected position which it occupies in the adult 
is only a consequence of the mode in which the nervous 
portion of the ectoderm grows inwards and becomes 
detached from the epidermic portion. 

The visual rods of the eye^are merely modified cells of 
the ectoderm. The auditory sac is fofmed by an involu- 
tion of the ectoderm of the basal joint of the antennule. 
At birth it is a shallow wide-mouthed depression, and 
contains no otoliths. 

Lastly, the reproductive organs result from the segre- 
gation and special modification of cells of the mesobkst 

Q 
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behind the liver. Eathke states lhat the sexual apertures 
are not visible until the youn'g crayfis^} has attained the 
length of an inch ; and that the first pair of abdominal 
appendages of the male appear still later in the foim of 
two papillsBi which gradually elongate and take on their 
characteristic forms. 



CHAPTEE V. 

THE COMPARATIVE MORPHOLOGY OF THE CRAYFISH. T^E 

STRUCTURE AND THE DEVELOPMENT OF THE CRAY- 
FISH COMPARED WITH THOSE OP OTHER LIVING 
DEINGS. 

• 

Up to this point, our ^attention has been directed 
almost exclusively to the common English crayfish. 
Except in so far as the crayfish is dependent for its 
inaintenanc*e upon other animals, or uxDon plants, we 
might have ignored the existence of all living things 
except crayfishes. But, it is hardly necessary to observe, 
that innumerable hosts of other forms of life not only 
tenant the waters and the dry land, but throng the air ; 
and that all the crayfishes in the world constitute a hardly 
appreciable fraction of its total living iiopulation. 

Cofiamon observation leads us to see that these multi- 
tudinous living beings differ from not-living ^things in 
many ways ; and when the analysis of these differences 
is pushed as far as we are at presenl>able to carry it, it 
shews us that all living beings agree with the crayfish 
and differ from not-living things in the same particulars. 
Like the crayfish, they are constantly ^wasting away by 
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oxidation, and repairing themselves by taking into their 
substance the matters which serve tlpm for food ; like 
the crayfish, they shape themselves according to a defi- 
nite pattern of external form and internal structure ; like 
the crayfish, they give off germs which grow and develope 
into the shapes characteristic of the adult. No mi- 
neral matter is maintained in this fashion ; nor grows in 
the same waj ; nor undergoes tliis land of development ; 
nor multiplies its kind by any such process of reproduc- 
tion. 

Again, common observation early leads to the discri- 
mination of living things into two great divisions. No- 
body confounds ordinary animals with ordinaiy plants, 
nor doubts that the crayfish belongs to the former cate- 
gory and the waterweed to the latter. If a •living thing 
moves and possesses a digestive receptacle, it is held to 
be an animal ; if it is motionless and draws its nourish- 
ment directly from the substances which are in contact 
with its outer sui’face, it is held to be a plant. We need 
not inquire, at present, how far this rough definition of 
the differences which separate animals from plains holds 
good. Accepting it for the moment, it is obviouti that 
the crayfish is unquestionably an animal, — as much an 
animal as the vole, the perch, and the pond-snail, which 
inhabit the same jvaters. Moreover, the crayfish has, in 
common with these animals, not merely the motor and 
digestive powers characteristic of animality, but they all, 
like it, possess a /complete alimentary canal; special appa- 
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ratus for the circulation and the aeration of the blood : 

• . 

a nervous system ylth sense-organs ; muscles and motor 
mechanisms; reproductive organs. Eegarded asj)iece5 
of physiological apparatus, there is a striking similarity 
between all three. But, as has already been hinted in 
the preceding chapter, if we look at them from a purely 
morphological point of view, the differences between ^|ie 
crayfish, the perch, and the pond-snail, appear at first 
sight so great, that it may be difficult to imagine that the 
jdan of structure of the first can have any relation to 
that of either of the last two. *On the other hand, if the 
crayfish is compared with tj^e water-beetle, notwithstand- 
ing wide differences, many points of similarity between 
the two will manifest themselves; while, if a small 
lobster is set side by side with a crayfish, an unpractised 
observer, though he will readily see that the two animals 
are somewhaf different, may be a long time in making 
out the exact nature of the* differences. 

Thus there are degrees of likeness and unlikeness 
among . animals, in respect of their outward form and 
internal structure, or, in other words, in their morpho- 
logy.* The lobster is very Mke a crayfish, the beetle is 
remotely like one; the pond-snail and the ^erch are 
extremely unlike crayfishes. Facts of this kind are com- 
monly expressed in the language of zoologists, by saying 
that the lobster and the crayfish are closely allied 
forms; that the beetle and the crayfish present a re- 
mote affinity ; and that there is no afgnity between the 
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crayfish and the pond-snail, or the crayfish and the 
perch. f 

The exact determination of the resemblances and 
differences of animal forms by the comparison of the 
structure and the development of one with those of 
another, is the business of comparative morphology. 
Mprphological comparison, fully and thoroughly worked 
out, furnishes us with the means of estimating the 
position of any one animal in relation to all the 
rest; while it shews us with what forms that animal 

<y ** 

is , nearly, and with what it is remotely, allied : ap- 
plied to all animals, it furpishes us with a kind of 
map, upon which animals are arranged in the order of 
their respective afl&nities; or a classification, in which 
they are grouped in that order. For the purpose of 
developing the results of comparative morphology in the 
case of the crayfish, it will be convenient to bring toge- 
ther, in a summary fonn, those points of form and struc- 
ture, many of which have already been referred to and 
which characterise it as a separate kind of animal. 

L 

Full-grown English crayfishes usually measure about 
three incfies and a half from the extremity of the rostrum 
in front to that of the telson behind. The largest 
specimen I have met with measured four inches.* The 

I 

* The dimensions of crayfishes at successive ages given at p. 31, 
beginning at the words “ By the end of the year,” refer to the “ ecre- 
visse ik pieds rouges France ; not to the English crayfish, which is 



DISTINCTIVE CHARACTERS OF THE CRAYFISH. 231 


mules are commonly somewhat larger, and they almost 
always have loiter and stronger forceps than the 
females. The general colour of the integument varies 
from a light reddish-brown to a dark olive-greerf ; and 
the hue of the tergal surface of the body and limbs is 
always deeper than that of the sternal surface, which is 
often light yellowish-green, with more or less red at the 
extremities of the forceps. The greenish hue of the 
sternal surface occasionally passes into yellow in the 
thorax and into blue in the abdomen. 

The distance from the orbit«to the posterior margin of 
the carapace is nearly equal to that from the posterior 
margin of the carapace to the base of the telson, when 
the abdomen is fully extended, but this measurement of 
the carapaiee is commonly greater than that of the abdo- 
men in the males and less in the females. 

The geneiel contour of the carapace (fig. 61), without 
the rostrum, is that of an oval, truncated at the ends : 
the anterior end being narrower than the posterior. Its 
surface is evenly arched from side to side. The greatest 
breadth of the carapace lies midway between the cervical 
groove and its posterior edgp* Its greatest vertical depth 
is on a level with the transverse portion of the cervical 
groove. 

The length of the rostrum, measured from the orbit 

considerably smidler. Doubtless, the proportional rate of increment is 
much the same, in the two kinds ; but in the English crayfish it has 
not been actually ascertained. 
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to its extremity, is greater than half the distance from 
the orbit to the cervical groo^fe. It is trihedral in sec- 
tion, and its free end is slightly curvea upwards (fig. 41). 
It grafiually becomes narrower for about three-fourths of 
its whole length. At this point it has rather less than 
half the width which it has at its base (fig. 61, A) ; and its 
raised, granular and sometimes distinctly serrated margins 
are produce* into two obliquely directed spines, one on 
each side. Beyond these, the rostrum rapidly narrows 
to a fine point ; and this part of the rostrum is equal in 
len^h to the width between the two spines. 

• the tergal surface of the rostrum is flattened and 
slightly excavated from side ^to side, except in its an- 
terior half, where it presents a granular or finely ser- 
rated median ridge, which gradually passes ‘into a low 
elevation in the posterior half, and, as such, may gener- 
ally be traced on to the cephalic region of ‘the carapace. 
The inclined sides of the rostrum meet vontrally in a 
sharp edge, convex from before backwards ; the posterior 
half of this edge gives rise to a small, usually bifurcated, 
spine, which descends between the eye-stalks (^g. 41). 
The raised and granulated lateral margins of the rostrum 
are continued backV)n to the carapace for a short distance, 
as two linear ridges (fig. 61, A). Parallel with each of 
these ridges, and close to it, there is another longitudinal 
elevation (a, J), the anterior end of which is raised into a 
prominent spine (a), which is situated immediately behind 
the orbit, and may, therefore, be termed the post-oHntal 
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spine. The elevation itself maj^ be distinguished as the 
post-orbital ridge. ^ The flattened surface of this ridge is 
marked hy a longitudinal depression or groove. The 



V 





Fig. Cl. — A, D, 6c G,Afftacv8 tomntium; B, E*& H, A. nohilis; C, F, & 
I, A. nigrescem (nat. size). A — C, Dorsal views mt carapace ; D— F , 
^e views of third abdominal somites ; G — I, Dorsal views of telson. 

h, post-orbital ridge and spines ; r, branchio-caidiac grooves 
inclosing the areola, • 
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posterior end of the ridge passes into a somev/hat broader 
and less marked elevation, the^hinder end of which turns 
inwards, and then comes to an end lat a point midway 
between the orbit and the cervical groove. Generally 
this hinder elevation appears like a mere continuation 
of the post-orbital ridge ; but, sometimes, the two are 
separated by a distinct depression. I have never seen 
anj^promineirf spine upon the posterior elevation, though 
it is sometimes minutely spinulose. The post-orbital 
ridges of each side, viewed together, give rise to a cha- 
racteristic lyratc mark upon the cephalic regidn of the 
caApace. 

A faintly marked, curved, linear depression runs from 
the hinder end of the post-orbital ridge, at first directly 
downwards, and then curves backwards to tiie cervical 
groove. It corresponds with the anterior and inferior 
boundary of the attachment of the adductor muscle of 
the mandible. • 

Below the level of this, and immediately behind the 
cervical groove, there are usually three spines, arranged 
in a series, which follow the cervical groove. The, points 
of all are directed obliquely^orwards, and the lowest is 
the largegt. Sometimes there is only one prominent 
spine, with one or two very small ones ; sometimes there 
are as many as five of these cervical spines. 

The cardiac region is marked out by two grooves which 
run backwards from the cervical groove (fig. 61, A, c), and 
terminate at a considerable distance from the posterior 
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edge of the carapace. Each groove rims, at first, obliquely 
inwards, and then takes a Ifetraight course parallel with its 
fellow. The area^hus defined is termed the areola ; its 
breadth is equal to about one-third of the total traifsverse 
diameter of the carapace in this region. 

No such distinct lines indicate the lateral boundary of 
the region in front of the cervical groove which answers 
to the stomach. But the middle part ofithe carapace, 
or that which is comprised in the gastric and cardiac 
regions, has its surface sculptured in a different way 
from the*braiichiostegites and«the lateral regions of the 
head. In the former, the surface is excavated by shal- 
low pits, separated by relalively broad flat-topped ridges ; 
but, in the latter, the ridges become more prominent, 
and take flie form of tubercles, the apices of which are 
directed forwards. Minute setae spring from the depres- 
sions betweeli these tubercles. 

The branchiostegite 1ms a thickened rim, which is 
strongest below and behind (fig. 1). The free edge of 
this rim is fringed with close-set setie. 

The pleura of the second to the sixth abdominal 
somites are broadly lanceolate and obtusely pointed at 
their free ends (fig. 61, D) ; the anterior edge is longer 
and more convex than the posterior edge. In the females, 
the pleura are larger, and are directed more outwards and 
less downwards than in the males. The pleura of the 
second somite are much larger than the rest, and over- 
lap the very small pleura of the first somite (fig. 1). The 
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pleura of the sixth somite are narrow, and their posterior 
edges are concave. * ^ 

The pits and setae of the cuticle which clothes the 
tergal ^surfaces of the abdominal somites are so few and 
scattered, that the latter appear almost smooth. In the 
telson, however, especially in its posterior division, the 
markings are coarser and the setae more apparent. 

The telson ^'fig. 61, G) presents an anterior quadrate divi- 
sion and a posterior half-oval part, the free curved edge 
of which is beset with long setae, and is sometimes slightly 
notched in the middle. The posterior division is freely 
movable upon the anterior, in consequence of the thin- 
ness and pliability of the cuticle along a transverse line 
which joins the postero-external angles of the anterior 
division, each of which is produced into two strong spines, 
of which the outer is the longer. The length of the jios- 
teiior division of the telson, measured from the middle 
of the suture, is equal to, or ‘but very little less than, 
that of the anterior division. 

On the under side of the head, the basal joints of the 
antennules are visible, internal to those of the antennae, 
but the attachment of the latter is behind and bblow 
that of thfe fonner (fig. 3, A). Behind these, and in 
front of the mouth, the epistoma (fig. 39, A, II, III) 
presents a broad area of a pentagonal form. The pos- 
terior boundary of this area is formed by two thickened 
transverse ridges, which meet on the middle line at a 
very open angle, ^e apex of which is turned forwards. 
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The posterior edges of these ridges are continuous with 
the labrum. Tli^ antericft margin is produced in the 
middle into a fleur de lys shaped process, the summit 
of which terminates between the antennules. At the 


sides of this process, the anterior margin of the epis- 
toma is deeply excavated to receive the basal joints of 
the antennje. Following the contours of these excavated 
margins, the surface of the epistoma presents two lateral 
convexities. The widest and most prominent part of each 
of these lies towards the outer edge of the epistoma, 
and is produced into a c(5hical spine. Sometimes 
there is a second smaller spine beside the principal one. 
Between the two convexities lies a triangular median 
depressed area. 

The distance from the apex of the anterior median 
process to the posterior ridge is equal to a little more 
than half the*width of the epistoma. 

The corneal surface of the eye is transversely elongated 
and reniform, and its pigment is black. The eye-stallcs 
are much broader at their bases than at their conieal 


ends (fig. 48, A). The antennules are about twice as long 
as the rostrum. The tergal surface of the trihedral 
basal joint of the antennule, on whichTthe e3"e-«talk rests, 
is concave; the outer surface is convex, tlie inner flat 
(figs. 26, A, and 48, B). Near the ^interior end of the 
sternal edge which separates the two latt§r faces, there 
is a strong curved spine directed forwards (fig. 48, B, a). 
When the setaj, which proceed from^the outer edge of 
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the auditory aperture and hide it, are removed, it is 
seen to be a wide, somewhat tfiangula^ cleft, which occu- 
pies the greater part of the hinder half of the tergal 
surfacfe of the basal joint (fig. 26, A). 

The exopodites, or squames, of the antennse extend as 
far as the apex of the rostrum, or even project beyond it, 
when they are turned forwards, while they reach to the 
commencemefi^it of the filament of the endopodite (Frontis- 
piece). The squame is fully twice as long as it is bro^d, 
with a general convexity of its tergal and concavity of its 
sternal surface. The oute^ edge is straight and thick, the 
inner, which is fringed with long setce, is convex and thin 
(fig. 48, C). Where these two edges join in front, the 
squame is produced into a strong spine. A thick outer 
portion of the squame is marked off from the thinner 
inner portion by a longitudinal groove on the tergal side, 
and by a strong ridge on the sternal side. * One or two 
small spines generally project from the posterior and 
external angle of the squame; but they may be very 
small or absent in individual specimens. Close beneath 
these, the outer angle of the next joint is produced into 
a strong spine. When the ai)domen is straightened*^out, 
if the antfennte arfe turned back as far as they will go 
without damage, the ends of their filaments usually reach 
the tergum of the jthird somite of the abdomen (Frontis- 
piece). I havf not obsen’^ed any difference between tho 
sexes in this respect. 

The inner edge of the ischioi)odite of the third maxilli- 
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pede is strongly serrated and wider in front than behind 
.(fig. 44); the me^opodite* possesses four or five spines 
in the same region ; and there are one or two spines at 
the distal end of the carpopodite. When straightened 
out, the maxillipedes extend as far as, or even beyond, 
the end of the rostrum. 

The inner or sternal edge of the ischiopodite of the 
forceps is serrated ; that of the meropodites' presents two 
rows of spines, the inner small and numerous, the outer 
large and few. There are several strong spines at the 
anterior end of the outer or tergal face of tliis joint. The 
carpopodite has two strong spines on its under or sternal 
surface, while its sharp inner edge presents many strong 
spines. Its upper surface is marked by a longitudinal de- 
pression, and is beset with sharp tubercles. The length 
of the propodite, from its base to the extremity of 
the fixed cliw of the chela, measures rather more than 
twice as much as the eirtreme breadth of its base, the 
thickness of which is less than a third of this length 
(fig. 20, p. 93). The external angular process, or fixed 
claw, is of the same length as the base, or a little shorter. 
Its hmer edge is sharp and spinose, and the outer more 
rounded and simply tuberculated. The apex of the fixed 
claw is produced into a slightly incurved spine. Its 
inner edge has a sinuous curvature, , convex posteriorly, 
concave anteriorly, and bears a series of roupded tubercles, 
of which one near the summit of the convexity, and one 
near the apex of the claw are the most prominent. 
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The apex of the dactylopodite, like that of the propo- 
dite, is formed by a slightly ineurved spine (fig. 20), while 
its outer, sharj^er, edge presents a cuSvature, the inverse 
of that of the edge of the fixed claw against which it is 
applied. This etlge is beset with rounded tubercles, the 
most prominent of which are one at the beginning, and 
one at the end of the concave posterior moiety of the edge. 
When the dar^tylopodite is brought up to the fixed claw, 
these tubercles lie, one in front of and one behind the 
chief tubercle of the convexity of the latter. The whole 
surface of the propodite ^and dactylopodite is covered 
wilfn minute elevations, those of the upper surface being 
much more prominent than thbse of the lower surface. 

The length of tlie fully extended forceps generally 
equals the distance between the posterior margin of the* 
orbit and the base of the telson, in well characterized 
males ; and, in individual examples, they are. even longer ; 
wliile it may not be greater than the distance between 
the orbit and the hinder edge of the fourth abdominal 
somite, in females ; and, in massiveness and strength, the 
difference of the forceps in the two sexes is still more 
remarkable (fig. 2). Moreoyer there is a good degtl of 
variation yi the form and size of the chel^ in individual 
males. The right and left chelse present no important 
differences. 

The ischiopodites of the four succeeding thoracic limbs 
are devoid of any recurved spines in either sex {Front.y 
fig. 46). The first pair are the stoutest, the second the 
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longest: and when the latter are spread out at right 
angles to the body, the distance from tip to tip of the dac- 
tylopodites is equal to, or rather greater than, the extreme 
length of the body from the apex of the rostrum to the 
posterior edge of the telson, in both sexes. In both sexes, 
the length of the swimmerets hardly exceeds half the trans- 
verse diameter of thts somites to which they are attache^. 

The exopodites of the appendages of the 'sixth abdo- 
minal somite (the extreme length of which is rather 
greater than that of the telson) are divided into a larger 
proximal, and a smaller distal portion (fig. 87, F, p. 14|). 
The latter is about half as long as the former, and has a 
rounded free edge, setose like that of the telson. There 
is a complete flexible hinge between the two portions, 
and the overlapping free edge of the proximal portion, 
which is slightly concave, is beset with conical spines, 
the outermost *of which are the longest. The endopodite 
has a spine at the junctidn of its outer straight edge 
with the terminal setose convex edge. A faintly marked 
longitudinal median ridge, or keel, ends close to the 
margin Jm a minute spine. The tergal distal edge of 
the pfotopodite is deeply bilobed, and the inner lobe 
ends in two spines, while the outer, shorter andF broader 
lobe, is minutely serrated. 

In addition to the characters distinctive of sex, which 
have already been fully detailed (pp. 7, 20, arjd 145), there 
is a marked difference in the form of the sterna of the three 
posterior thoracic somites between the igales and females. 
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Comparing a male and a female of the same size, the 
triangular area between the bases of |he penultimate and 
ante*'penultimate thoracic limbs is considerably broader 
at the base in the female. In both sexes, the hinder 
part of the penultimate sternum is a rounded transverse 
ridge separated by a groove from the anterior part ; but 
tlp.s ridge is much larger and more prominent in the 
female than**in the mole, and it is often obscurely divided 
into two lobes by a median depression. Moreover, there 
are but few set© on this region in the female ; while, in 
the male, the sete are long and numerous. 

The sternum of the last thoracic somite of the female 
is divided by a transverse groove into two parts, of which 
the posterior, viewed from the sternal aspect, has the 
form of a transverse elongated ridge, which narrows to 
each end, is moderately convex in the middle, and is 
almost free from setae. In the male, the corresponding 
posterior division of the last thoracic sternum is produced 
downwards and forwards into a rounded eminence wliich 
gives attachment to a sort of brush of long setae (fig. 35, 

p. 186). 

The importance of this long enumeration of minute 
details* will appear by and by. It is simply a statement of 
the more obvious external characters in which all the 
full-grown English crayfishes which have come under my 

c 

* Tlie student of systematic zoology will find the comparison of a 
lobster with a crayfish in all the points mentioned to be an exoellenc 
training of the faculty of observation. 
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notice agree. No one of these individual crayfishes was 
exactly like the ot^er; anS to give an account of any 
single crayfish as it existed in nature, its special peculiarly 
ties must be added to the list of characters given' above ; 
which, considered together with the facts of structure 
discussed in previous chapters, constitutes a definition, 
or diagnosis, of the English kind, or species^ of crayfish. 
It follows that the species, regarded as the*sum of the 
morphological characters in question and nothing else, 
does noi ^xist in nature; but that it is an abstraction, 
obtained by separating the structural characters in whjph 
the actual existences — ^the^individual crayfishes — agree, 
from those in which they differ, and neglecting the latter. 

A diagram, embodying the totality of the structural 
characters thus determined by observation to be common 
to all^our crayfishes, might be constructed^; and it 
would be a picture of nothing which ever existed in 
nature; though it would serve as a very complete 
plan of the structure of all the crayfishes which are to 
be found in this country. The morphological definition 
of a species is, in fact, nothing but a description of the 
plan *of structure which chafacterises all the individuals 
of that species. * 

California is separated from these islands by a third of the 
circumference of the globe, one-half of the interval being 
occupied by the broad North Atlantic ocean. The fresh 
waters of California, however, contain crayfishes which are 

B 2 
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SO like our own, that it is necessary to compare the two in 
every point mentioned in the fore^ing description in 
order to estimate the value of the differences which they 
present. Thus, to take one of the kinds of crayfishes found 
in California, which has been called Astacus nigrescens ; 
the general structure of the animal may be described in 
precisely the same terms as those used for the English 
crayfish. Even the branchice present no important 
difference, except that the rudimentary pleurobranchite 
are rather more conspicuous ; and that there^ is a third 
sif all one, in front of the two which correspond with those 
possessed by the English crayfish. 

The Californian crayfish is larger and somewhat diffe- 
rently coloured, the undersides of the forceps particularly 
presenting a red hue. The limbs, and especially the 
forceps of the males, are relatively longer ; the chelae of 
the forceps have more slender proportions ; the areola is 
narrower relatively to the tSransverse diameter of the 
carapace (fig. 61, C). More definite distinctions are to be 
found in the rostrum, which is almost parallel-sided for 
two-thirds of its length, then gives off two strong lateral 
spines and suddenly narro\^ to its apex. Bebuid'tbese 
spines, tBfe raised lateral edges of the rostrum present five 
or six other spines which diminish in size from before 
backwards. The •postorbital spine is very prominent, 
but the ridgcbis represented, in front, by the base of this 
spine, which is slightly grooved ; and behind, by a distinct 
spine which is so strong as the postorbital spine. 
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There are no cervical spines, and the middle part of 
the cervical groove is angulated backwards instead of 
being transverse. 



D ® 


Fia./>2. A & D, Astaetu tarren^ium ; B & E, A. nooilis; G A F, 
A. niffrrsccng. A — 0, 1st abdozninai appenda^ of the male ; D — F, 
endopodite of second appendage ( x 3). a, anterior, and posterior rolled 
edge ; o, d, e, corresponding parts of the appendages in each species ; 
/, rolled plate of endopodite ; p, terminal division of endopodite. 

• 

The abdominal pleima are nai'row, equiil-sided, and 
acutely pointed in tlie males (fig. 61, F) — slightly 
broader, more obtuse, and with th^ anterior edges 
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rather more convex than the posterior, in the females. 
The tergal surface of the telson is not divided into two 
parts by a suture (fig. 61, 1). The^^ anterior process of 
the spistoma is of a broad rhomboidal shape, and there 
are no distinct lateral spines. 

The squame of the antenna is not so broad relatively 
to its length ; its inner edge is less convex, and its outer 
erfge is slightly concave ; the outer basal angle is sharp 
but not produced into a spine. The opposed edges of 
the fixed and movable claws of the chelae of the forceps 
are almost straight and present no conspicuous tubercles. 
In the males, the forceps are vastly larger than in the 
females, and the two cla^vs of* the chelte are bowed out, so 
that a wide interv^al is left when their apices are applied 
together ; in the females, the claws are straight and the 
edges fit together, leaving no interval. Botlithe upper and 
the under surfaces of the claws are almost smooth. The 
median ridge of the endopodite of the sixth abdominal 
appendage is more marked, and ends close to the margin 
in a small prominent spine. 

In the females, the posterior division of the sternum of 
the penultimate thoracic sqjnite is prominent and (Jeeply 
bilobed ;*and tliere are some small differences in form in 
the abdominal appendages of the males. More especially, 
the rolled inner process of the endopodite of the second 
appendage (fig. 62 F, /) is disposed very obliquely, and 
its open mouth is on a level with the base of the jointed 
part of the endopodite (g) instead of reaching almost to 
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the free end of the latter and being nearly parallel with it. 
In the first appendage (d), the anterior rolled edge (a) 
more closely embrices the posterior (6), and the groove 
is more completely converted into a tube. 

It will be observed that the differences between the 
English and the Californian crayfishes simount to ex^ 
ceedingly little ; but, on the assumption tha^ these differ- 
ences are constant, and that no transitional forms between 
the English and the Californian crayfishes are to bo 
met with*, the individuals whiqji present the characteristic 
peculiarities of the latter are said to form a distinct spedes, 
Astaciis nigrescens ; and tlfo definition of that species is, 
like that of tlie English species, a morphological abstrac- 
tion, embodying an account of the plan of that species, 
so far as it is distinct from that of other crayfishes. 

We shall «ee by and by tliat there are simdry other 
kinds of crayfishes, which,differ no more from the English 
or the Californian kinds, than tliese do from one an- 
other ; and, therefore, they are all grouped as species of 
the one genus, Astacus. 

It feaving California, we cross the Eocky Mountains 
and enter the eastern States of the Nortl^ American 
Union, many sorts of crayfishes, which would at once be 
recognised as such by any English visitor, will be foimd 
to be abundant. But on carefi^l examination it will be 
discovered that all of these differ, both from the English 
crayfish, and from Astaciis nigrescens, to a much gi'eater 
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extent than those do from one another. The gills are, 
in fact, reduced to seventeen on each side, in co^equence 



Fio. 63. Cambarm Clarkii, male (i nat. size), after Ha|fen. 
of the absence^ of the pteuro-brancbia of the last thoracic 
somite; and there are some other differences to which 
it is not needful to refer at present. It is convenient to 
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distinguish 'l&ese seventeen-gill(^.d crayfishes, as a whole, 
from th^,f ighteen-gilled species ; and this is effected by 
changing the genetic name. They are no longer called 
Astaevs, but Camharm (fig. 63). ^ 

All the individual crayfish referred to thus far, there- 
fore, have been sorted out, first into the groups termed 
species ; and then these species have been further sorted 
into two divisions, termed genera. Eachagenus is an 
abstraction, formed by summing up the common char- 
acters of the species which it includes, just as each 
species is an abstraction, composed of the common 
characters of the individuals which belong to it; and 
the one has no more existence in nature than the other. 
The definition of the genus is simply a statement of 
the plan of structure which is common to all the species 
included under that genus ; just as the definition of the 
species is a Statement of the common plan of structure 
which runs throughout the individuals which compose 
the species. 

Again, crayfishes are found in the fresh waters of the 
Southern hemisphere; and almost the whole of what 
has been said respecting the structure of the English cray- 
fish applies to these ; in other words, their general plan is 
the same. But, in these southern crayfishes, the podo- 
branchise have no distinct lamina, and the fi^^st somite of 
the abdomen is devoid of appenditges in bo^h sexes. The 
southern crayfishes, like those of the Northern hemi- 
sphere, are divisible into many species j and these species 




Fig. 64 . — Parcuftacm hrasUkiusia nat. size). From southern Brazil. 


Engaiis, mA^Pai'anepkrops — on the same principle as 
that tvhich has led to the grouping of the Northern forms 
into two genera. ^ But the same convenience which has 
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led to the association of groups of similar species into 
genera, has given rise to the cembination of allied genera 
into higher groups, which are termM Families. It is 
dllVioils that the definition of a family, as a statement of 
the characters in which a certain number of genera agree, 
is another morphological abstraction, which stands in the 
same relation to generic, as generic do to specific abstrac- 
tions. Moreover, the definition of the family is a statement 
of the plan of all the genera comprised in that family. 

The family of the Northern craj^fishes is termed 
Potamobiida ; that of tliv Southern crayfishbs, Par- 
astacidee. But these two families have in common all 
those structural characters wh*ich are special to neither ; 
and, carrying out the metaphorical nomenclatm’e of the 
zoologist a stage further, we may say that the two form 
a Tribe — the definition of which describes the plan wliich 
is common to both families. * 

It may conduce to intelligibility if these results are put 
into a graphic form. In fig. 66, A. is a diagram represent- 
ing the plan of an animal in which all the externally 
visible parts which are found, more or less modified, in 
the natural objects which call individual crayfishes 
are rouglil}’’ sketched. It represents the plan of the 
tribe. B. is a diagram exhibiting such a modification 
of A. as converts it^into the plan common to the whole 
family of the Parastacidee. C. stands in the same re- 
lation to the Potamobiidie. If the scheme were thoroughly 
worked out, diagrams representing the peculiarities of 



OhjeeiM exiwtina inJ/aiure, 



— Diagram of the morphological relations of the Asta^ipai 
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form which characterize each of the genera and species, 
would appear in the place of tte names of the former, or 
.Q^the circles which represent the latter. All these 
figures would represent abstractions — mental images 
which have no existence outside the mind. Actual facts 
would begin with drawings of individual animals, which 
we cmay suijpose to occupy the x)lace of the dots above 
the upper line in the diagi*ani. 

That all crayfishes may be regarded as modifications of 
the common plan A, is not an hypotliesis, but a^generali- 
zatjon obtained by comparing together the observations 
made upon the structure of individual crayfishes. It is 
simply a gi'aphic method of representing the facts which 
are commonly stated in the form of a definition of the 
tribe of crayfishes, or Astaana. 

This definition runs as follows : — 

Multicellular animals provided with an alimentary 
canal and with a chitinous culicular exoskeleton; with 
a ganglionatcd central nervous system traversed by the 
oesophagus ; possessing a heart and branchial respiratory 
organs. 

The body is bilaterally symmetrical, and consists of 
tw^enty me^meres Xor somites and their appendages), of 
which six are associated into a head, eight into a thorax, 
and six into an abdomen. A telson is attached to the 
last abdominal somite. 

The somites of the abdominal region are^ * 
of the head and tlforax, except the hinderBV 








